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ABSTRACT
DEVELOPMENT OF PROTOTYPES OF A PORTABLE
ROAD WEATHER INFORMATION SYSTEM
SEPTEMBER 2015
MEHA KAINTH
B.Tech., JAYPEE UNIVERSITY OF INFORMATION TECHNOLOGY, INDIA
M.S.E.C.E., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Russell G. Tessier
Weather conditions have significant impact on road safety and roadway mainte-
nance operations. Road Weather Information Systems (RWIS) play a significant role
in providing weather and surface conditions to transportation agencies to monitor
weather events. Fixed installations of RWIS are used for weather and pavement sur-
face monitoring. However, permanent fixture installations may not be feasible due to
reasons such as cost, accessibility to the site, siting concerns, and terrain. Portable
RWIS provide a cost-effective solution in areas where permanent weather station in-
stallation is not possible. This study discusses use and benefits of the portable RWIS
and outlines the issues involved in building them.
This thesis presents the system design for building prototypes of two portable
RWIS systems to be used by Massachusetts Department of Transportation (Mass-
DOT). Portable RWIS consist of weather sensors and pavement sensors installed on a
vi
trailer-based platform and operate on solar power. The RWIS equipment mounted on
trailers consists of non-invasive pavement sensors, wind sensor, precipitation sensor,
atmospheric pressure sensor, humidity and dew point sensor and data logger to trans-
mit data from the sensors to a central server. RWIS equipment from two different
manufacturers have been selected. The two systems have been evaluated for their
cost, operability, ease- of-use and deployability. A field study of two portable RWIS
has been conducted to test accuracy of the data collected by these systems and the
results have been evaluated. Characterizing the issues involved in developing such
portable systems provide insights into situations where these systems may be most
applicable.
vii
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CHAPTER 1
INTRODUCTION
Weather conditions have significant impact on road safety and roadway and high-
way maintenance operations. Costs associated with winter road maintenance is very
high. Winter road maintenance alone accounts for about 20 percent of state DOT
maintenance budgets [27]. State and local transportation agencies spend more than
$2.5 billion each year on snow and ice control operations, and more than $5 billion to
repair weather-damaged roadway infrastructure [27]. Snow and ice control techniques
involve application of millions of tons of salt and sand to road surfaces each year [26].
The usage of salt causes corrosion, affects vegetation, and has detrimental effects
on the environment [42]. It becomes necessary for transportation agencies to find
sustainable and cost effective techniques for better roadway maintenance throughout
the year, especially during winter months. Transportation agencies nationally and
internationally are working on employing such techniques to improve operations re-
lated to road management, emergency management and providing better road safety.
Additionally, providing real-time weather information to the public increases the pre-
paredness of travelers for inclement weather conditions.
Road Weather Information Systems (RWIS) play a significant role in providing
weather and surface conditions to transportation agencies to monitor weather events.
Using this information, roadway operators can efficiently plan road operations, reduce
chemical, sand, and salt usage and provide a better level of service by using anti-icing
practices [8]. An RWIS consists of pavement sensors and meteorological sensors to
determine road condition and weather events. The weather and pavement condition
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Figure 1.1: A tower mounted permanent RWIS with atmospheric sensors located in
Wisconsin [1]
data collected by the weather sensors is processed using sophisticated technology in
the RWIS and sent on a network for weather forecasting and pavement condition
monitoring. The weather and pavement data from RWIS is also used by automated
decision making systems such as weather-related Dynamic Messaging Systems (DMS)
and Variable Speed Limit (VSL) systems.
Traditionally, most RWIS have been employed in the field as permanent fixtures.
A portable RWIS, on the other hand, consists of a trailer-mounted RWIS which
can be strategically relocated to different sites. The difference between portable
and fixed RWIS is that a portable unit can be deployed at any location of interest,
including locations where it is expensive and impossible to deploy sites for fixed RWIS.
Figure 1.1 shows a typical fixed RWIS site located along a road and consisting of a
tower mounted with atmospheric sensors and an AC outlet for power. Depending
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on the location of the site, power can be drawn from solar panels, batteries or AC
outlets.
1.1 Problem Statement
Weather forecasting and roadway condition monitoring are of paramount impor-
tance for roadway safety and operational decision making. These actions require
collection of accurate, real-time atmospheric data. Both current and historic atmo-
spheric data greatly affect the decision making process of weather forecasting, road
maintenance, construction projects, rescue operations, and the installation of future
permanent RWIS at planned sites. The accuracy of the data collected by the weather
sensors and the placement of these sensors are critical for the decision making pro-
cess and weather event updates. Most RWIS are permanent, expensive installations
installed at airports or along major roadways. Pertinent weather information can ei-
ther be directly obtained or extrapolated to a central location by permanent RWIS in
these areas. However, there are siting concerns which make a permanent fixture pro-
hibitive. These concerns include cost, accessibility to the site, terrain and permitting
issues. Under these circumstances, portable RWIS are an attractive solution to the
transportation agencies due to their mobility and ease of relocation. Portable RWIS
are cost-effective systems and can be used to monitor specific weather conditions for
a specific duration at the site of action or survey potential permanent RWIS sites.
This research project involves development of two prototypes of portable RWIS
to be used by the Massachusetts Department of Transportation (MassDOT). This
project has the potential to assist MassDOT in making decisions to apply sodium
chloride, magnesium chloride and other deicers used in winter operations which in
turn helps achieve broader safety, fiscal, and sustainability goals. The project involves
deploying trailer-based RWIS systems in the field for monitoring weather data. These
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systems are tested for accuracy and feasibility. Weather data is visible on vendor web
sites.
1.2 Research Objectives
The purpose of this project is to evaluate portable Road Weather Information
Systems (RWIS) to determine their suitability for use in Massachusetts. The following
goals will be achieved in the completion of this project:
• Develop a complete understanding of weather indicators used in the winter
maintenance/snow and ice decision process. Examples of such factors are pave-
ment/ surface temperature, air temperature, and precipitation type and inten-
sity.
• Identify portable commercially-available RWIS technologies designed to capture
and analyze weather data and pavement data which will be typically helpful
during winter operations. This involves selection and evaluation of sensors that
are suitable for the portable RWIS. Non-invasive pavement sensors are typically
suitable for a portable weather station.
• Develop two prototypes of portable weather stations, consisting of RWIS equip-
ment procured from two different manufacturers and identify the issues involved
in building and using these systems. The systems need to be contrasted for their
usability, accuracy, deployability and maintenance.
• Identify trailers suitable for mounting the sensors such that the trailers meet
electrical requirements and mechanical requirements for using RWIS sensors
with accuracy.
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• Conduct tests of two different prototypes using weather sensors from differ-
ent manufacturers and identify the issues involved in building and using these
systems.
• Document the results of the field tests in terms of portable RWIS reliability,
accuracy, costs, and other factors deemed important by the project team and
MassDOT.
1.2.1 Thesis Outline
This thesis document is organized into seven chapters:
Chapter 2 provides necessary background materials and a literature review for this
dissertation. An overview of previous RWIS, including portable RWIS, is provided.
The advantages and issues involved with such systems is also discussed. The last
section reviews previous studies involving the testing of non-invasive pavement sensors
from High Sierra Electronics Inc. and Vaisala Inc. for accuracy. Components from
these systems have been chosen for our prototypes.
Chapter 3 discusses the required components for building the portable RWIS for
MassDOT. This chapter describes the functionality, connectivity, installation require-
ments, and power requirements of the sensors used in the Vaisala system. Chapter
4 describes the functionality, connectivity, installation requirements, and power re-
quirements of the sensors used in the High Sierra system.
Chapter 5 describes the trailer requirements needed to support the RWIS equip-
ment from both manufacturers. The discussion includes a description of the necessary
mechanical and electrical setups. The Ver-Mac SST-320 [40] trailer selected for the
project is presented along with some electrical and mechanical modifications. This
discussion is followed by a description of the procedures needed to install the Vaisala
and High Sierra RWIS sensors on the trailers. The use, operability, power consump-
tion, and deployment of the RWIS are also discussed.
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Chapter 6 describes the field study conducted to evaluate the accuracy of the data
collected by the Vaisala and High Sierra portable weather stations. This chapter in-
cludes a discussion of the methodology, data parameters and the results obtained.
Real-time data is currently available on websites maintained by the respective equip-
ment manufacturers.
Chapter 7 provides conclusions and directions for future work.
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CHAPTER 2
BACKGROUND AND LITERATURE REVIEW
In this chapter, an overview of previous RWIS systems is presented followed by
a discussion of portable RWIS and the possible benefits of using such a system.
This material is followed by a literature review of similar portable systems being
used elsewhere. The literature review also discusses some non-invasive pavement
sensors and the studies conducted for testing their suitability for monitoring road
surface conditions. This information is typically useful for managing ice/snow removal
operations. Finally, the conclusions drawn from these studies are presented.
2.1 Definition of Road Weather Information System
A Road Weather Information System (RWIS) can be defined as a combination
of technologies and decision making techniques that use detailed, historical and real-
time road and weather information to improve the efficiency of highway maintenance
operations and distribute effective real-time information to travelers [7]. Figure 2.1
shows the three main components of RWIS followed by a description of the role of
these components in RWIS operation:
• Environmental Sensor System (ESS) technology to measure real-time atmo-
spheric and road condition data;
• Models and other advanced processing systems to develop forecasts and tailor
the information into an easily understood format; and
7
Figure 2.1: Components of Road Weather Information System [8]
• Communication standards for data integration and dissemination platforms on
which to display the tailored information.
2.1.1 RWIS Operation
The following section explains the role of the components of the RWIS shown in
Figure 2.1. These components are required for the operation of any RWIS, including a
portable RWIS. Hence, it is necessary to understand the functions of these components
in RWIS operation.
2.1.1.1 Environmental Sensor System
An Environmental Sensor System (ESS) consists of highly sensitive and accurate
sensors for measuring various atmospheric and surface conditions. This sensor tech-
nology should be highly accurate and reliable so transportation agencies can depend
on the measured data.
The sensors in an RWIS ESS are mostly used for measuring atmospheric, pave-
ment, and water level conditions, and visibility [41]. Atmospheric data includes air
temperature, amount and type of precipitation, humidity, atmospheric pressure, wind
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Figure 2.2: RWIS Communications Links [8]
speed and direction, cloud cover, lightning, air quality, and dew point, among oth-
ers. Pavement data includes pavement temperature, surface condition (dry, wet, ice,
snow), freezing point of the road surface, and amount of deicing agent on the pave-
ment. Water level data include stream, river, and lake levels near roads, as well as
tide levels (i.e., hurricane storm surge). Atmospheric and road condition data, how-
ever, are most frequently used for roadway operations. An RWIS tower can mount
precipitation, wind, non-invasive pavement, and temperature sensors. A web-cam can
also be connected to provide live images to a roadway operator.
2.1.1.2 Processing Units and Information Dissemination
The data measured from the sensors is collected and processed by a Remote Pro-
cessing Unit (RPU). Data from various sensors are integrated by the RPU using a
standard format which further processes this information to develop site-specific fore-
casts. The raw data from RPUs at several sites is transmitted to a central server with
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a Central Processing Unit (CPU). The CPU provides for communication, collection,
archiving and distribution of information [7]. This information is compiled and sent
in a format understandable by weather operators and road maintenance personnel.
Websites and other means are used to make this information publicly available to the
general public. An overview of various communication links (end users) in an RWIS
is shown in figure 2.2.
2.1.1.3 Communication Standards for Data Integration and Dissemina-
tion Platforms
Communication standards enable the integration and distribution of data from
multiple vendor systems within a common framework. There are two categories of
communication standards [30]:
• Communication protocols are used to exchange data between RWIS devices
and other Intelligent Transportation Systems (ITS) such as emergency vehicle
notification systems.
• Display and message set standards are used to communicate weather and surface
conditions to end users.
In order to integrate the data from sensors from different manufacturers, it is
required that common data standards and open interfaces be adopted. These data
standards define how system components are connected and how they operate in a
common architecture to allow sharing of data across different government agencies.
The need for data integration led to the development of open standards and architec-
tures. One such set of data standards, the National Transportation Communications
for ITS Protocols (NTCIP) has been defined. Using this standard, the RPU can in-
tegrate and process the data from different sensors using a standard communication
protocol. This standard protocol makes it easy for the central server to integrate the
information from various RPUs (RWIS sites) and then process it for use by end users.
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Figure 2.3: RWIS Data Applications [1]
2.2 Use of RWIS Data
Figure 2.3 shows various users of RWIS data. As mentioned earlier in this chap-
ter, the most significant use of sensor data received from RWIS is road safety, traf-
fic management, and road maintenance. Other key benefits include operations for
transportation systems such as road rehab projects, construction, risk management,
traveler information, and planning.
2.3 Portable Road Weather Information System
The past decade has seen the development of new portable RWIS portable weather
stations. Portable RWIS are generally deployed on trailers or collapsible poles. These
systems include a variety of weather and road condition sensors and can be quickly
moved and re-deployed as needed, for example, before an expected weather event [32].
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The development of portable RWIS over the past ten years has been facilitated by
advances in technology including:
• Sensors and the computers used to control them have shrunk in size, making
portable deployment more realistic.
• Cellular phone and data networks are now widely available, allowing for a reli-
able communications medium. Global positioning satellite (GPS) technology is
pervasive, allowing for easy identification of portable RWIS location.
• Battery and solar panel technology has progressed, allowing for realistic power
options for portable RWIS.
A portable weather station typically consists of the same components as a per-
manent RWIS. In the case of atmospheric measurements, the selection of sensors will
depend on the desired measurements at the site. A video camera is often connected
to the system for live video of the surroundings and the road conditions. Communica-
tion between the central server and RPU for transmission of weather data is typically
via cellular network using a cell modem. The sensors can be mounted using brackets
on the mast of the trailer and the batteries, RPU and other accessories are generally
stored in a cabinet fixed on the trailer. A trailer based portable RWIS deployed by
the Iowa DOT is shown in figure 2.4.
2.3.1 The Need for Portable RWIS
Full RWIS installations are expensive and often have an information gap between
stations [14]. Portable RWIS can be used for measuring site specific local weather
conditions to fill these gaps. There are circumstances when a permanent site instal-
lation has to be precluded. These include rough or mountain terrain, uneven ground,
inaccessibility, encroachment from vegetation, and difficulty in maintenance [15].
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Figure 2.4: Portable RWIS used by the Iowa DOT [5]
Portable RWIS can be utilized for site specific measurements to avoid uncertain-
ties due to estimation of conditions from atmospheric data collected from nearby
permanent sites.
2.3.2 Characteristics of Portable RWIS
In this section, we review the technologies used for portable RWIS. These tech-
nologies include power, communications, sensor types, and open standards [32].
2.3.2.1 Power Systems
In general, portable systems rely on either AC power or solar panels and batteries
(or a combination of both) to obtain power.
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2.3.2.2 Communications
Over the recent years, portable RWIS have used Internet protocol communication
over GSM, 3G, or 4G cellular networks. There are other standards for communications
that have also been used, such as satellite communication or custom radio-based
communications.
2.3.2.3 Sensors
An important factor for portable RWIS is power. The most frequently-used sensors
for portable systems are road condition (wet/dry/ice and slipperiness) and pavement
temperature sensors. Low-cost portable RWIS systems typically use puck-based pave-
ment temperature sensors which require embedding a sensing device in the pavement.
Higher-cost portable systems use optical and infrared sensors to measure pavement
temperature. One reference [29] describes the high effectiveness of infrared sensors
in determining pavement condition and surface temperature. The sensors need to be
placed strategically to achieve sufficient measurement results.
2.4 Literature Review
RWIS have been in widespread use in the United States and internationally for
over 30 years [42]. The information presented here illustrates that portable weather
stations have only been deployed more recently. This section discusses portable RWIS
in use by other DOTs and the associated cost and benefits of such systems. This
is followed by the discussion of issues faced by these agencies in development and
deployment of such systems. A study of existing non-invasive sensors has also been
conducted to evaluate their performance and effectiveness in portable RWIS.
2.4.1 Utah Department of Transportation
In Summer 2007, the Utah Department of Transportation created a prototype of
a trailer-based portable RWIS to collect atmospheric data for a research project in
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the Big Cottonwood Canyon [15]. Four similar systems were fabricated and are still
in use. A major consideration in fabricating more systems was the cost benefit as
compared to winter operation cost in the mountain region. The system monitors the
condition of the highway for traffic management and winter road management in the
areas affected by avalanche.
The systems include sensors for wind speed, temperature, precipitation, humidity,
and barometric pressure. System power is provided by a battery and a solar panel. A
wireless communication device provides connectivity to the Verizon cellular network.
Sensors were purchased from a number of companies including Vaisala and Campbell
Scientific.
In another recent report from UtahDOT [34], it was noted that portable RWIS
were employed for advance warning of debris flows, wildfires and flash floods during
the summer. The portable RWIS helped in providing the weather data in the burn
scar region in the Huntington Canyon (mountainous terrain) which was earlier void
of this data for a radius greater than 20 miles. The portable RWIS-ESS information
improved forecasts and allowed timely warnings to be issued as rainfall gathered in the
watershed to produce a debris flow. Figure 2.5 shows this trailer mounted RWIS-ESS
employed by the Utah DOT near the Seeley burn scar.
2.4.2 Iowa Department of Transportation
In December 2009, the Utah Department of Transportation deployed two portable
RWIS in the state as a “stop gap measure” [13]. The portable units are used mainly for
critical measurements of atmospheric data and pavement temperature. The portable
system consists of four movable solar panels, an electric 30 foot mast, an all-in-one
wind, precipitation, air temperature, barometric pressure, and relative humidity sen-
sor unit, a cabled soil/pavement temperature probe, and a non-contact infrared pave-
ment temperature sensor [5]. Vaisala Inc was awarded the contract for the portable
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Figure 2.5: Portable RWIS-ESS trailer near Monument Peak above Seeley burn scar
used by Utah DOT [34]
RWIS. Figure 2.6 shows this portable RWIS used by the Iowa DOT. The system is
easy to relocate to various sites and the DOT maintenance staff found it easy to
install. The DOT has been satisfied with the performance of these stations and finds
the data to be reliable and accurate in its measurements and the system to be low
maintenance. It was also reported that one of the portable systems was stolen [12].
Another portable weather station deployed by the Iowa DOT is tripod-based and is
attractive due to its portability and affordability. A “Mini RWIS” consisting of simple
embedded sensors is also being used at two sites. It costs about 10 percent of the cost
of a full unit. These units are mainly used for collecting pavement temperature data.
The data logger, cell modem, and AC outlet are housed in a small utility box. Each
site is solar powered. Data is communicated with a central server every ten minutes.
Figure 2.7 shows the Mini RWIS used by the Iowa DOT.
2.4.3 New York Department of Transportation
The New York DOT has deployed a trailer at the Irondequoit Bay Bridge (IBB)
Hub Site located in the IBB Overlook parking lot. The equipment installed consists
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Figure 2.6: Trailer-mounted Portable RWIS used by Iowa DOT [5]
of, but is not limited to, fiber optic modems and patch panels, dial-up modems,
CCTV server, RWIS server, RWIS workstation, ISDN modem, central CCTV control
equipment and monitor, trailer with the associate environmental and alarm systems,
electrical service and power distribution and miscellaneous cabling [25].
Although this trailer doesn’t include ESS sensors, it is the central communication
point as it consists of all the central communication equipment for gathering data and
control of the road and atmospheric sensors mounted on a tower at this site and two
more sites. The fixed installation at the Hub site has seven roadway surface sensors,
one roadway subsurface probe and atmospheric sensors for relative humidity/air tem-
perature, wind speed/direction, and a weather identifier and visibility sensor. Both
dial-up and fiber optic modems have been employed.
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Figure 2.7: Mini RWIS deck sensor used by Iowa DOT [13]
2.4.4 Nevada Department of Transportation
An interesting set of trailer-based portable systems were developed by the Nevada
Department of Transportation [9]. Although these systems are used for traffic flow
management rather than roadway weather monitoring, their power and communica-
tions frameworks are of interest. Power is provided by a combination of batteries and
solar panels. A 4.9 GHz cellular router is used for communications, although a WI-FI
connection can also be used if a hotspot is available. The total cost of components
not considering traffic cameras is about $15,000 with an additional $18,000 needed
for the trailer.
2.4.5 Michigan Department of Transportation
In a report carried out for the Michigan DOT, a portable RWIS with sensors is
described [33]. The sensor configuration in given in Table 2.1. No further details
about the actual implementation of this system were reported.
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Table 2.1: Reduced Power ESS configuration for portable RWIS given by Michigan
DOT [33]
Class Sensor Parameter
Clock GPS Time
Atmospheric Thermistor (thermometer)
Air Temperature
Dew Point Temperature
Anemometer, unheated
Wind Speed
Gusts
Wind Direction
Barometer Pressure
Occurrence Meter, Unheated Precipitation
Visibility, Unheated Visibility
Pavement Surface Thermistor (thermometer) Temperature
Pavement Surface
Road Surface Condition
Presence of moisture
(passive sensor) and classification
Sub Surface Frost depth (2 sensors Temperature
total, 1 at each depth) (deep and shallow)
2.4.6 Florida Department of Transportation
The State of Florida [19] has proposed using portable, solar-powered, wireless
weather sensors to augment fixed tower locations. Specialized radio communications
are used to allow for weather information transmission. Limited information regarding
system organization, communications, and power is available.
2.5 Issues with Portable RWIS
Portable RWIS design has previously been discussed in “Evaluation of Portable
Road Weather Information Systems” [32]. Most movable RWIS design has focused
on cost, power, communications, and open data formats.
In addition to the issues discussed in the report, the following are additional
considerations.
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• Selection of Sensors and Accessories: In addition to cost and weather
parameters to be measured, sensor power consumption is an important factor
in sensor selection. A report for the Michigan DOT on concepts of operations for
RWIS discussed the use of reduced power ESS sensors for a portable system [33].
Since most of these systems are based on solar or wind power and batteries, low
power sensors seem to be the best choice. The power consumption for such a
system, as per the report, should be limited to 100 watts to allow for sufficient
battery system charging. With improvement in sensor technology, low power
sensors are available. The use of unheated sensors is noted in this report.
Accessories include voltage controllers for protecting the equipment from over-
voltage issues, cables and protective coverings for the equipment.
• Sensor Placement This issue involves the selection of the right trailer and
mast height to meet manufacturer’s requirements for mounting and installing
the sensor equipment. A report on portable RWIS by the Utah DOT [15]
indicated that the surface of the trailers was painted white to reduce the amount
of heat absorbed and radiated back towards the instrumentation, which may
affect the instrumentation.
• Maintenance and Training: Maintenance for sensors is usually handled by
the manufacturer and is a part of the contract with the manufacturer. However,
since portable systems are transported often, the equipment is often removed
and reinstalled at every new site [5]. These actions require training for DOT
personnel to install and set-up the equipment correctly at the trailer site.
2.6 Review of Non-invasive Pavement Sensors
To accurately detect ice on a roadway surface, the most important parameters are
dew point, surface temperature and ambient air temperature. This section discusses
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Figure 2.8: Vaisala DSC111 [35]
sensors to detect these values and contrasts the performance of non-invasive pavement
sensors from different manufacturers based on previous studies.
Non-invasive sensors measure the condition of the roadway surface (both asphalt
and concrete) such as ice/wet/dry/damp, pavement temperature, freezing point, and
friction. These sensors use spectroscopic methods, optical methods, thermal radi-
ation, and infrared radar methods to determine surface weather conditions from a
distance [10]. They are mounted on a pole or a mast and point towards the road sur-
face. Non-invasive road sensors from Vaisala and High Sierra Electronics are discussed
next since they are used in our prototype system.
2.6.1 Vaisala DSC111 and DST111
Vaisala produces two non-invasive weather sensors, the DST111 temperature sen-
sor and the DSC111 road condition sensor. The road surface condition states are dry,
moist, wet, snow/frost, ice, or slush [35] [36]. Figures 2.8 and 2.9 show the DSC111
and DST111, respectively.
A case study of Vaisala equipment performance was conducted by Aurora, an in-
ternational partnership of public agencies performing joint research, evaluation, and
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Figure 2.9: Vaisala DST111 [36]
deployment initiatives related to RWIS. The study compared the data from Vaisala
equipment to data collected from nearby in-pavement sensors. The study was con-
ducted east of Ottawa in Ontario, Canada [11] [10]. It was concluded that the Vaisala
sensors were reliable and accurate in determining road surface state and that there
were a few differences in temperature measurements between the Vaisala sensor and
the in-pavement sensor.
In another case study performed at Mosquito Lake, Sweden, it was observed that
the sensor accurately detected pavement surface condition. Friction estimates re-
ported by the sensor were also found to be more accurate than the wheel type friction
tester used for comparison (Saab Friction Tester). Overall, it was concluded that the
sensor showed promise for further testing and use [18] [10].
Another study was conducted by researchers at Montana State University to test
the accuracy of Vaisala road sensors for parameters required by VSL systems in a
controlled laboratory environment [10]. Friction level measurements were used for
this study. Different weather conditions were simulated in a weather chamber and
the outputs of the sensors were observed. The accuracy of the sensors to fast chang-
ing conditions is of interest. The sensors accurately reported the surface state of the
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Figure 2.10: High Sierra IceSight [16]
samples. Friction measurement was an important parameter for this study and these
values corresponded well with patterns of change measured via static friction. Instal-
lation angles and calibration were suggested to improve measurements and generate
accurate results.
2.6.2 High Sierra IceSight
This device has the capability to determine road condition (ice, snow, wet, dry)
and surface temperature, air temperature, relative humidity and surface grip. It
uses an infrared camera for determining surface states. Figure 2.10 shows a picture
of the High Sierra IceSight sensor. Two studies were conducted by Montana State
University, one in a laboratory-controlled environment and another in the field during
winter months.
The laboratory tests in a weather chamber consisted of seven different experiments
to test its ability to identify different surface states during a stable condition and also
while transitioning from one condition to another. The IceSight appeared to work
well in a controlled environment [4].
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A field study was conducted by Montana State University to test the accuracy of
the IceSight in a field deployment [22]. In general, the IceSight had more accurate
results than the nearby puck sensor. It was observed that the IceSight detected snow
and ice conditions accurately during 98 percent of visual observations. This study
highlighted some of the issues faced during the course of experiments. Frequent
cleaning of the IceSight lens was recommended to prevent accumulation of dirt. A
careful selection of the threshold levels is necessary as an over-sensitive or an under-
sensitive configuration will result in unreliable data.
Another report from High Sierra mentions a study conducted by the Utah DOT
to compare the results from the High Sierra IceSight and Vaisala DSC111. It was
stated that the IceSight had better performance in detecting the surface states than
the DSC111 [14] and its readings compared more closely with the real observations.
2.6.3 Limitations of Non-invasive Pavement Sensor Technology
Based on the studies and experiences of the agencies, a number of limitations of
weather sensor technology have been reported. Solutions to overcome these limita-
tions were also mentioned.
• The non-invasive pavement sensors are sometimes limited as an accumulation
of dirt or gravel on the lens may cause erroneous measurements. Regular main-
tenance and cleaning is required to avoid false measurements. These sensors
need regular calibration when moved from one place to another. In order to
indicate that the lens needs cleaning, the sensors have a detection mechanism
to alert the operator.
• There is a limitation in the sensor’s ability to differentiate the pavement on
the vehicle surface [22]. For this reason, sensors are installed so that they face
slightly away from traffic on the road.
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• The roadway conditions may change at different rates in different locations
(e.g. snow accumulation in the roadway is less with moving traffic). Sensor
data generally is localized [3]. Thermal mapping can help operators evaluate
temperature variations in a stretch of road. Based on experience and data from
additional sensors, an operator can gauge the pavement condition.
• The pavement conditions are reported categorically as dry, damp, wet or snow/ice.
The identification of transitional states by the pavement sensors may be limited.
2.7 Conclusions
RWIS have become an integral part of weather monitoring mechanisms by pro-
viding weather and road condition information and enabling road maintenance op-
erations to be executed efficiently with reduced costs and improved road safety. Im-
provements in sensor technology, open standards, and communication standards have
greatly helped in achieving these goals. In this chapter, we have discussed portable
RWIS, weather stations implemented on portable platforms, such as trailers. The ad-
vantages, functions, characteristics, operation, and limitations of these systems have
also been discussed.
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CHAPTER 3
WEATHER AND ROAD SENSORS FOR PORTABLE
RWIS (VAISALA RWIS)-I
On the basis of the literature review and discussions with MassDOT, the following
types of sensors components have been selected for the MassDOT portable RWIS:
• Road condition and road temperature sensors - These units must use technology
which does not require the embedding of sensor components within the pave-
ment. The most common type of non-invasive pavement sensors use infrared
technology to detect pavement condition and temperature.
• Precipitation sensors - To identify both the intensity and quantity of rain and
snow over periods of time, these sensors are used.
• Wind sensors - These sensors measure wind speed and wind direction.
• Air temperature sensors - Most manufacturers provide low cost air temperature
sensors which can be quickly configured and interfaced to a datalogger/remote
processing unit.
• Relative humidity and dew point sensors - These sensors measure relative hu-
midity and dew point values. These sensors can be quickly configured and
interfaced to a remote processing unit.
• Cameras - These units provide live or recorded images of the traffic and the
pavement condition.
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• Remote Processing Unit (RPU)/ data loggers - These computers gather data
from sensors over a communication interface and transmit this information to
a central server in NTCIP format.
• Cell modem - These units create wireless cellular connections to transmit raw
data from an RPU to a central server.
• Websites - The data from the sensors is displayed on a web interface.
Based on these requirements, components from Vaisala and High Sierra Electronics
were chosen for this study. The non-invasive pavement sensors, the IceSight (from
High Sierra) and the DSC111 combined with the DST111 (from Vaisala), are widely
used in the field and they are selected for our application. This chapter discusses
the components of the Vaisala portable RWIS. The High Sierra system is discussed
in the next chapter. Most of the information about the sensors is based on product
manuals and suggestions from the manufacturers. For our portable RWIS, the sensors
are installed on a trailer. There are several configurations possible for the sensors;
however, we only discuss the ones suitable for a portable RWIS.
The data from the Vaisala data logger is collected on a central server and displayed
on the company’s website. Table 3.1 gives a summary of the Vaisala sensors chosen for
the portable RWIS. A connectivity diagram of the Vaisala RWIS is given in figure 3.1.
3.1 Surface Analyzer for Roads and Runways ROSA, DM32
Version
The ROSA analyzer is a remote processing unit/data logger for the Vaisala RWIS.
It analyzes data received from sensors and gives necessary warnings to users if unusual
conditions are noted [38]. It is the heart of the system since it polls all sensor data;
raw data is processed and converted to NTCIP format for dissemination to remote
servers. Thus, communication with the sensors is made through the ROSA analyzer.
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Figure 3.1: Connectivity Diagram of the Vaisala RWIS
It also acts as the power distribution unit to the sensors, keeps records of the sensor
data, and issues alarms and warnings for maintenance. The DRI521 interface card
contains all necessary software packages for measurements, algorithms, and other
procedures to fulfill the road state analysis and communication in a ROSA network.
Hardware Structure and Connectivity: DM32 is the product name of the
ROSA analyzer unit. Power distribution circuitry is housed in this unit. The DM32
consists of two modules - the DRI521 interface card and the DMC586 processing unit.
The DMF133 is the frame which holds the DRI521 and DMC586. A wide variety of
sensors can be connected to the DM32. The unit is programmed to be polled by
the Vaisala central server every ten minutes via a cell modem. Figure 3.2 shows the
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Table 3.1: ESS Sensor configuration in Vaisala RWIS
Communication Voltage
Unit Name Function Interface Requirements Power Cost ($)
ROSA RPU Ethernet,RS485, 24 VDC 0.8 W (DRI521) 6,274.65
Analyzer RS232 without sensors
Road Surface RS485,RS232 24 VDC 1.2 W (above -10◦F) 13,872.00
DSC111 State Sensor max 1.9 W (below -10◦F)
Road Surface RS485,RS232 24 VDC 33 mW 4,547.50
DST111 Temperature Sensor (via DSC111) (via DSC111)
DRD11A Precipitation Sensor - 12 VDC 0.5-2.3 W 682.55
Wind Measurement RS485 5-32 VDC max 1.1 A@12 VDC 2,198.10
Atmospheric pressure max 0.6 A@24 VDC
WXT520 Atmospheric Temperature
Relative Humidity
Precipitation Measurement
M12 Camera Ethernet POE 3 W 2,465.00
Camera
Sixnet Modem Ethernet 8-30 VDC 125m@24 VDC (standby) 1,513.00
BT-6621 175m@24 VDC (transmitting)
290m@24 VDC (peaks)
hardware structure of the DM32 inside the DMF133 frame. All sensors draw power
from the ROSA analyzer and communicate using a RS485 interface.
• DRI521 Interface Card: This card provides data collection, intelligent road
state analysis, communications and system support. It has an interface to both
the analog sensor (precipitation) and digital sensors. The DRI521 card has
a DC power supply input and multiplexed serial lines for RS232 and RS485
connectivity.
The DRI521 has a microprocessor with additional I/O circuits and an A/D
converter. The card contains a calendar clock and a RAM memory with battery
backup. The flash memory includes history storage for 144 message blocks. In
addition, the DRI521 consists of electrically reprogrammable FLASH EPROM
(128 kB) for program memory for remote program update download.
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Figure 3.2: Vaisala DM32 (ROSA analyzer) unit inside DMF133 frame
• DMC586 card: This module has communication interfaces for RS232, RS485
and Ethernet protocols. The ROSA analyzer communicates with a cell modem
using an Ethernet connection.
The RS232 and RS485 serial ports can be used to access and configure the ROSA
analyzer directly using a laptop/PC. A terminal program like Putty can be used to
access the DRI521 using standard Vaisala commands. ROSA communicates with the
remote server using an Ethernet interface. Figure 3.2 shows the DMF133 frame and
the cell modem housed inside the equipment enclosure cabinet. The baud rate is 9600
Bps. The IP address for accessing the DMC586 is 192.168.1.100.
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Figure 3.3: ROSA Measurement System [38]
Software Structure: The overall algorithm for data analysis by ROSA is shown
in figure 3.3. Based on this algorithm, the software calculates the best results for
surface state prediction.
Power Consumption: The ROSA analyzer requires 24 VDC for operation.
Power from a battery/solar panel system is connected to the power input port on
the DRI521 through the distribution supply rail in the equipment enclosure cabinet
using 14 AWG wire.
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3.2 Remote Road Surface State Sensor - DSC111
The DSC111 is a non-invasive pavement sensor that uses spectroscopic methods
to determine pavement condition and water film depths. It can report the state of the
road surface as dry, moist, wet, snow, frost, ice and slush [35]. The slipperiness of the
road surface due to ice can also be measured. It can also detect visibility conditions
using an optional integrated visibility sensor.
Operating Principle: The DSC111 has an infrared transmitter and receiver.
The transmitter aims at a selected spot on the road surface and the receiver receives
the reflection of the transmitted light from the measurement spot. By measuring the
wavelengths of the reflected light, the sensor can distinguish between the different
states of the road surface. By measuring the depth of ice and some other parameters,
the DSC111 can measure the slipperiness of the road surface. It calculates a scaling
index called “grip”, which is based on friction under different road weather conditions.
Connectivity: The DSC111 is a processor-based system, connected to the Vaisala
data logger (ROSA analyzer) using the RS485 bus. The data from the sensor is polled
automatically by the ROSA using an RS485 bus. This bus can also be accessed re-
motely or locally by a user. A user can interrogate DSC111 data through the ROSA
using specific commands. The DSC111 can also be accessed with a PC or a laptop
using an RS232 port.
The DSC111 has integrated power and an RS485 interface connector (M12), which
is connected to the distribution supply rail in the ROSA equipment enclosure cabinet.
The DST111 is connected in a daisy chain connection with the DSC111 for power and
RS485 communication. A connectivity diagram showing the connections between the
DSC111, DST111 and ROSA analyzer is given in figure 3.4 [38].
Installation: Installation is a step by step procedure. Readers are directed to
the product instruction manual for a complete guide on installing and aiming the
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Figure 3.4: DSC111 and DST111 connected to ROSA analyzer [38]
DSC111 sensor [35]. The points necessary for installation on mobile trailers are
mentioned below:
• The DSC111 is installed on a mast adjacent to the road and can be oriented to
face the road surface at a horizontal angle of about 30 degree or higher.
• The sensor is mounted on a bracket and fixed on a crossarm which is placed
towards the top of the mast. The installation angle depends on the height of
the DSC111 on the mast and the distance of the target measured spot from
the base of the mast. The installation angle determines the measuring distance
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Figure 3.5: Mounting Bracket and M12 Connectors for DSC111
of the spot from the DSC111. Figure 3.5 shows the mounting bracket for the
DSC111 and M12 connectors.
• The sensor is adjusted to aim directly at the measuring spot using a laser
pointing tool. It is typically installed to point at the tire track to capture
surface conditions that best represent the driving conditions of the site.
• For reference purposes, the sensor is calibrated every time it is installed at a
site. The calibration is done on a dry surface for reference.
• The sensor has an automatic mechanism to indicate if the transmitter or receiver
lens needs cleaning from dirt or gravel.
Power Consumption:
The average power consumption by DSC111 is between 1.2W - 1.9W. The oper-
ating voltage for the unit is 24 VDC [35].
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3.3 Remote Road Surface Temperature Sensor - DST111
The DST111 is a non-invasive pavement sensor from Vaisala that measures road
surface temperature [36], relative humidity, and air temperature.
Operating Principle: The DST111 is based on long-wave infrared radiation. It
measures emissions from the road surface at a selected wavelength range and deter-
mines the temperature difference between the unit and the road surface. The change
in emissivity for different road surface states has minimal effect on the sensor’s per-
formance.
Connectivity: The DST111 is a processor-based sensor that is connected to the
DSC111. The DSC111 sensor gathers data from the DST111 and makes it available
to the ROSA analyzer or a host computer. The ROSA analyzer automatically polls
the DST111 through the DSC111 at fixed intervals to gather its data and make it
available to an end user. Figure 3.4 shows the connectivity diagram of the DST111
connected to the DSC111 using the RS485 enabled power cable and M12 cables.
Installation:
Most of the installation procedure is similar to that of the DSC111. For a complete
installation guide, readers are directed to the product instruction manual [36]. Some
of the points specific to installation on a trailer are mentioned below:
• The DST111 is installed towards the top of a mast using a bracket, adjacent to
the DSC111 on the same crossarm. The plastic on the bracket provides electric
insulation from the crossarm.
• The installation angle depends on the height of the DST111 on a mast and the
distance of the measurement spot from the base of the mast. The installation
angle decides the measuring distance of the spot from the DST111.
• The sensor is pointed towards the wheel track of the road at 45 degrees and
adjusted to aim directly at the measuring spot.
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Figure 3.6: Vaisala Rain Detector DRD11A
• The unit should be installed away from direct solar radiation to avoid reflections
from the road surface to the sensor optics.
Power Consumption: The average power consumption of the unit is 33 mW at
24 VDC [36]. The unit requires 24 VDC for its operation.
3.4 Vaisala Rain Detector DRD11A
The precipitation sensor selected for the Vaisala portable RWIS is the Rain De-
tector DRD11A. The unit is a capacitive sensor and can be used for detection of rain
and snow. Figure 3.6 shows a picture of DRD11A.
Operating Principle: The sensor detects the presence of rain on the active
portion of the sensor plate. The DRD11A consists of a thick layer sensor RainCapTM
that works using capacitive principles [37]. There is an internal heater to keep the
sensor plate dry and reduce the effects of dew or fog. The DRD11A can also detect
the presence of snow since the heater melts the snow on the sensor plate by keeping
the temperature of the plate over freezing.
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Operation and Connectivity: The unit has two different outputs, Rain On/Off
and Analog Out. The Rain On/Off output is based on droplet detection. Delay
circuitry inside the sensor allows a two minute interval between raindrops before
assuming an OFF (no rain) position. This enables the sensor to distinguish between
rain cessation and light rain. Analog Out is an analog signal that estimates the rain
intensity. The amplitude and variation of this signal is directly impacted by the
percentage of the moist or wet area on the sensor plate.
For the portable RWIS, the DRD11A is directly connected to the interface card
DRI521 in the ROSA analyzer. This allows the sensor data to be polled by the ROSA
analyzer which can be accessed using a host computer or transmitted directly to a
remote server for further processing.
Installation: This sensor must be installed at most 10 feet from the ground as
per the Federal Highway Administration (FHWA) guidelines [21]. It is mounted using
a mounting plate. A windshield is installed around the sensor. Since the sensor plate
is capacitive and highly sensitive, it should not be touched without being grounded.
The sensor may require cleaning to prevent dust accumulation.
Power Consumption: The operating voltage for the unit is 12 VDC. It draws
power from the ROSA analyzer. The power consumption is mainly due to the heater
and varies between 0.5 to 2.3 W [37].
3.5 Vaisala Weather Transmitter WXT520
The Weather Transmitter WXT520 unit is a compact transmitter that measures
six weather parameters. It measures wind speed and direction, precipitation, at-
mospheric pressure, temperature and relative humidity. It consists of three wind
transducers, a precipitation sensor, a pressure sensor and humidity and temperature
sensors [39]. The WXT520 for the portable RWIS has an integrated heating element
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Figure 3.7: Vaisala Weather Transmitter WXT520 [39]
to keep the precipitation and wind sensors clean from snow and ice. Figure 3.7 shows
a picture of the Vaisala WXT520.
Operating Principle:
• Wind Measurement: Horizontal wind speed and direction are measured using
ultrasound to determine horizontal wind speed and direction [39]. The wind
sensor has an array of three equally spaced ultrasonic transducers on a horizontal
plane. Wind speed and direction are determined by measuring the time it takes
the ultrasound to travel from each transducer to the other two. The wind sensor
measures the transit time (in both directions) along the three paths established
by the array of transducers. This transit time depends on the wind speed along
the ultrasonic path. For zero wind speed, both the forward and reverse transit
times are the same. With wind along the sound path, the up-wind direction
transit time increases and the down-wind transit time decreases.
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• Precipitation Measurement: The precipitation sensor is comprised of a steel
cover and a piezoelectrical sensor mounted on the bottom surface of the cover
[39]. Precipitation is measured one raindrop at a time. Whenever a raindrop
hits the precipitation sensor, an electrical signal is produced that is proportional
to the volume of the drop. The measured parameters are accumulated rainfall,
rain current and peak intensity, and the duration of a rain event. The sensor is
also capable of distinguishing hail from raindrops.
• Pressure, Temperature, and Humidity Measurement: The PTU module
contains separate sensors for pressure, temperature, and humidity measurement.
It contains capacitive sensors for barometric pressure measurements, air tem-
perature measurements, and humidity measurements [39]. The PTU is housed
in a radiation shield that protects it and reflects solar radiation. The measure-
ment principles of the pressure, temperature, and humidity sensors are based
on an advanced RC oscillator and two reference capacitors against which the
capacitance of the sensors is continuously measured.
Connectivity: The WXT520 can be accessed through four different serial inter-
faces: RS232, RS485, RS422 and SDI-12 [39]. Only one serial interface can be used
at a time. For our study, the sensor communicates with the ROSA analyzer using
the RS485 serial interface. The 8-pin M12 connector and cable are connected to the
distribution supply rail in the equipment enclosure cabinet for the ROSA analyzer to
supply both power and RS485 connections. The unit can be configured directly using
a PC or a laptop through the ROSA, which automatically polls the device for data.
Installation: For the portable RWIS, the WXT520 is installed vertically towards
the top of the 20 feet trailer mast. A mounting kit and a fixing screw are required for
installing this unit on a pole mast. A bird spike kit is used to reduce the interference
caused by birds. The kit consists of a metallic band with spikes pointing upward. The
WXT520 should be aligned in the north direction upon installation using a compass
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and the fixing screw. Readers are directed to the product manual for details on the
installation procedure for the WXT520 [39].
Power Consumption: The operating voltage of the unit is in the range of 5-32
VDC [39]. Typical DC current ranges are
i) maximum 1.1 A at 12 VDC,
ii) maximum 0.6 A at 24 VDC.
The power consumption of the WXT520 varies significantly, depending on the selected
operating mode or protocol, the data interface type, the sensor configuration, and the
measurement and reporting intervals. In our case, the unit requires 24 VDC.
3.6 Mobotix M12 Camera
As mentioned earlier in the chapter, a camera is required for monitoring live or
stored images and videos of the surrounding areas for visualization. A Mobotix M12
network camera has been selected for use with the Vaisala RWIS. The camera uses
an Ethernet interface to allow remote access to the captured images and real-time
videos using a web browser. Figure 3.8 shows a picture of a Mobotix M12 camera.
The camera model is 12-SEC-DNIGHT-D43N43. It is a weatherproof camera and
supports night vision. The image sensor allows for both color and black and white
images. The resolution is 1280 x 960 pixels with up to 10 frames per second for a
megapixel video.
Connectivity: The unit allows live streaming, supports Voice over IP, ISDN and
Video SIP communication protocols [23].The ROSA analyzer accesses the images
from the camera using file transfer protocol (FTP). The camera neither fogs up nor
requires heating and thus power can be supplied using power over Ethernet (POE).
Power is connected to the distribution supply rail in the ROSA equipment enclosure
cabinet using a POE cable.
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Figure 3.8: Mobotix M12 Camera [23]
Installation: The camera comes with a mounting bracket that can be adjusted to
focus at a desired spot. The camera is mounted on the same crossarm as the DST111
and DSC111 towards the top of the mast. Camera utility software is used to set up
the camera IP address to access the images in a network. The product’s user manual
describes the detailed procedure for camera installation and configuration [23].
3.7 Sixnet Cell Modem BT-6621
A cell modem is used for transmitting data from the ROSA analyzer and the
camera to a central server over a wireless medium. The cell modem used for the
Vaisala system is a Sixnet BT-6621 model. This modem allows communication over
a 3G cellular data network. The modem has five Ethernet ports. An antenna is
connected to the modem.
The power to the modem comes from the ROSA unit directly from pins 5 and 6 on
the DRI521 interface card. The Ethernet port on ROSA’s DMC586 card is connected
with the modem. The modem’s IP is required for establishing a connection with the
ROSA analyzer through the modem. A data pack from Verizon is being used for the
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CDMA connection. The LAN IP address for the modem is 192.168.1.95. The modem
is easy to setup and a modem utility software is used to configure the modem.
3.8 Conclusion
In this chapter, we discussed different Vaisala RWIS required to build a portable
RWIS prototype. Sensors measuring a wide variety of atmospheric and road sur-
face conditions are required. The operating principles, installation requirements and
connectivity of each of the sensors from Vaisala have been discussed in this chapter.
The Vaisala RWIS consists of a ROSA Analyzer (RPU), a DSC111 (road surface
state sensor), a DST111 (road surface temperature sensor), a DRD11A (precipitation
sensor), a WXT520 (compact weather station transmitter), a Mobotix M12 camera
(network camera), and a Sixnet cellular modem. The operating voltage for the ROSA
analyzer is 24 VDC which distributes power to the other devices in the system. The
communication interfaces include a RS485 bus and Ethernet.
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CHAPTER 4
WEATHER AND ROAD SENSORS FOR PORTABLE
RWIS (HIGH SIERRA RWIS)-II
This chapter describes the selected RWIS components from High Sierra Electron-
ics. All data from the High Sierra Remote Processing Unit (RPU) is collected at a
central server owned by High Sierra and displayed on the company’s website. Table
4.1 gives a summary of the selected sensors indicating their functions and cost. A
connectivity diagram of the RWIS system along with camera and the modem is given
in figure 4.1.
4.1 5470 NTCIP RWIS Environmental Sensor Station Re-
mote Processing Unit
The High Sierra 5470 NTCIP RWIS Environmental Sensor Station (ESS) Remote
Processing Unit (miniRWIS RPU) is a compact panel based RPU used for RWIS
applications, specifically weather responsive traffic management [17]. This RPU is
the heart of the High Sierra RWIS. It supports NTCIP format. It has a 12-bit analog
interface and road status detection algorithm for issuing warnings and alerts for the
presence of ice. Figure 4.2 shows a picture of the miniRWIS RPU.
Hardware Structure and Connectivity: The heart of the system is the NT-
CIP controller board. There are eight internal analog-to-digital converters, as well as
several RS485 and RS232 serial ports for connecting digital sensors. A Management
Information Base has information regarding all sensors configured for a particular
system. This information is stored as Object Identifiers (referred to as OIDs or Ob-
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Table 4.1: ESS Sensor configuration in High Sierra RWIS
Communication Voltage Power
Unit Name Function Interface Requirements Consumption Cost ($)
5470 NTCIP RPU Ethernet,RS485, 24 VDC less than 4,130.00
miniRWIS RS232 4 Watts
5433 IceSight Road Surface
2020E Condition Sensor RS485,RS232 12 VDC 4.2 Watts 11,180.00
Wind Measurement 160mA@24 VDC
Atmospheric Pressure 16mA@24 VDC
WS600 Atmospheric Temperature RS485 24 VDC (power saving mode 1) 4,615.00
Relative Humidity (max.)
Precipitation Measurement 1.7A@24 VDC (heating)
Netcam XL Camera Ethernet POE 500mA@12 VDC 1,339.00
Sixnet 8-30 125mA@12 VDC (standby)
6621 modem Cell Modem Ethernet VDC 175mA@12 VDC (transmitting) 1,140.00
290mA@12 VDC (peaks)
jects). The central server uses this database to configure the RPU and poll data
from it. Once the sensor values are converted to digital values, the NTCIP controller
processes the data and populates the appropriate Object Identifiers.
The controller processes data from multiple input sensors and transmits stored
sensor data when interrogated by central NTCIP compliant software. Some of the
weather sensors can be configured to activate relay outputs on the RPU to control
traffic control equipment and public warning devices. For Objects with thresholds,
the controller monitors the value and once a high threshold value is exceeded, it will
activate the designated output relay and front panel LED. Similarly, the output and
LED are deactivated once the low threshold is reached.
The RPU distributes power to the various sensors. A 9-pin D-SUB connector on
the front panel can be used for the IP set utility and RS232 communications. The
Ethernet port on the RPU is connected to the cell modem in our portable system for
data transmission using a cellular network. The RWIS is shipped from the factory
pre-set for the sensors initially purchased with the unit [17]. The WS600 and IceSight
are connected to the input slots provided on the front RPU panel.
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Figure 4.1: Connectivity Diagram of the High Sierra RWIS
Power Consumption: The unit works at an operating voltage of 24 VDC. The
power consumption is less than 4W [17].
4.2 High Sierra Remote Road Surface Sensor - 5433 IceSight
2020E/EW
The IceSight is a non-invasive, remote sensing method of determining surface
weather conditions on roads, sidewalks, and runways [16]. The sensor can detect
surface ice, snow, and water and reports a condition of dry, damp, wet, snow, or ice.
It can be connected to the miniRWIS RPU in our portable RWIS system. Instead
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Figure 4.2: High Sierra NTCIP miniRWIS RPU [17]
of using two different pavement sensors (e.g. the Vaisala DSC111 and DST111),
the IceSight alone can measure pavement temperature, pavement surface conditions,
relative humidity and surface grip. Possible reported surface states include one dry
indication, three wet, two snow, and two ice indications. A surface grip coefficient is
provided in two formats. It is suitable for both asphalt and concrete surfaces.
Operating Principle : The IceSight uses laser and infrared electro-optical tech-
nology for its operation. It monitors the near infrared spectral differences of the
roadway surface to determine the condition of the surface [16].
Connectivity: The IceSight supports both RS232 and RS485 serial interfaces.
It also supports direct connection to a WAP (wireless) or a local PC/laptop for local
debugging. The unit communicates with the miniRWIS RPU via RS485 protocol.
The sensor is connected to an interface box as shown in figure 4.3. The power to
the IceSight comes from the miniRWIS RPU through the interface box. The RS485
terminal is also connected to the miniRWIS RPU through the interface box. The
IceSight can be accessed locally using a Java Applet from a PC. This software provides
a graphical interface to view IceSight data [16]. IceSight settings, calibration, and
threshold levels are adjusted using this software.
Installation: The unit is typically mounted about 6-20 feet above the road surface
on a mast using a mounting bracket. The interface box is mounted adjacent to the
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Figure 4.3: High Sierra IceSight connected to the Interface Box [16]
IceSight. A 30 feet cable for power and RS485 connection runs from the miniRWIS
RPU to the sensor box. The sensor box and IceSight cable must have a “drip loop”
when connected. The determination of the installation angle of the unit is similar to
that of the Vaisala DSC111. Important installation points are noted below. For a
complete guide, the product instruction manual should be consulted [16].
• The installation angle depends on the height of the IceSight on the mast and
the distance of the measuring spot from the base of the mast. The installation
angle determines the measuring distance from the unit to the spot. A sighting
laser tool is required for marking the target spot on the road and aiming the
IceSight directly on that spot.
• Type of surface - asphalt and concrete. The installation angle is between 85◦
to 30◦ from the horizontal.
• The sensor should be calibrated manually every time it is installed at a site.
The calibration is performed on a dry surface as the dry measurements act as
a reference for that site.
• The sensor has an automatic mechanism to indicate if cleaning is required.
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• There might be interference in measurement from stopped or slow moving traf-
fic.
Power Consumption: The operating voltage is 12 VDC and the voltage range
is 10-14 VDC. The power consumption is 4.2 W [16].
4.3 Lufft Compact Weather Station WS600-UMB
The WS600 weather station from Lufft is an all-in-one weather station which mea-
sures precipitation, wind direction, wind speed, air temperature, relative humidity,
and air pressure [20]. It uses a radar sensor for precipitation measurement. The
WS600 has an integrated heater to avoid snow accumulation on the sensor surface.
Figure 4.4 shows the hardware structure of the WS600 sensor.
Operating Principle: The following discussion describes WS600 operation.
• Air temperature and humidity measurement - Temperature is measured
using a highly accurate NTC-resistor while humidity is measured using a ca-
pacitive humidity sensor [20].
• Air pressure measurement - Absolute air pressure is measured using a built-
in sensor (MEMS) [20]. The relative air pressure is derived from the absolute
air pressure.
• Wind measurement - The wind meter uses four ultrasonic sensors that take
cyclical measurements in all directions [20]. The resulting wind speed and di-
rection are calculated from the measured run-time sound differential.
• Precipitation measurement - Radar technology is used to measure precip-
itation. The precipitation sensor works with a 24 GHz Doppler radar, which
measures the drop speed and calculates precipitation quantity and type by cor-
relating drop size and speed [20].
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Figure 4.4: Hardware Structure of Lufft Compact Weather Station WS600-UMB [20]
Installation: The WS600 is mounted vertically towards the top of the mast
using the mounting bracket at the bottom of the sensor. The WS600 is aligned to
the North upon installation using the in-built compass. Readers are directed to the
product manual for details on the installation procedure for the WS600 [20].
Connectivity: The WS600 communicates with the miniRWIS RPU using an
RS485 interface. The 8-pole screw connector (M8) on the WS600 is connected to the
miniRWIS RPU using a rugged cable. The cable provides connection for both power
and RS485. The sensor can be configured and accessed through the miniRWIS RPU.
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Power Consumption: The operating voltage range is 12-24 VDC. 24 VDC
is drawn from the miniRWIS RPU. The current consumption is 1.7 A at 24 VDC
[20]. The WS600 has a power saving mode for turning off the heater, and automatic
activation of the radar rain sensor depending on precipitation detection. The mode
creates certain restrictions on sensor operation.
4.4 Stardot Technologies Netcam XL 3MP Camera
The camera used with the High Sierra system is the Netcam XL, manufactured by
Stardot Technologies. This network camera is used for monitoring and visualizing live
images of the surroundings. The camera can capture both live still images and live
video streaming. It can be easily setup to view the captured data from a web server
using a web browser and the camera’s IP address. This camera can be connected
over a LAN network or a cell modem. Figure 4.5 shows the Netcam XL camera. The
resolution is 1280 x 960 (3.14 Megapixels) at 11 to 225 frames per second (fps). The
camera does not provide night vision.
Connectivity: The Netcam supports 1 x 10/100-baseT Ethernet and has two
RS232 Ports (up to 115.2Kb/sec). Supported network protocols are TCP/IP, HTTP,
FTP, DHCP, PING, TELNET, DAYTIME, NTP, SMB, NFS [31].
Power Consumption: The unit works in the 8-15 VDC range and current
consumption is 500 mA at 12 VDC [31]. The camera is connected with the modem
using an Ethernet cable.
4.5 Sixnet Industrial Pro 6621 Modem
A cellular modem is required to transmit data wirelessly from the miniRWIS RPU
and the camera to a central server at High Sierra. The cell modem used for the High
Sierra system is a Sixnet Industrial Pro 6621 model. The modem communicates data
from the WS660, IceSight and the Netcam XL camera to the High Sierra facility
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Figure 4.5: StarDot Technologies Netcam XL Camera [31]
in California via a 4G cellular telephone protocol. An antenna is connected to the
modem. The modem has five Ethernet ports. A sim card is plugged into the modem
for wireless connection authentication and activation. A data pack from AT&T is
used for the cellular connection.
The modem communicates with the RPU via Ethernet. 12 VDC power and GND
for the modem is drawn from the connection on the RPU labeled “water depth”. An
antenna is connected to the modem. The modem unit itself must be protected from
weather elements. The modem’s IP is required for establishing a connection with
the miniRWIS RPU. The modem is easy to setup and a utility software is used for
configuration.
4.6 Conclusion
In this chapter, we discussed the selected weather and road sensors from High
Sierra Electronics. The operating principles, installation requirements and connec-
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tivity of each of the sensors from High Sierra have been discussed. The High Sierra
RWIS consists of smaller number of sensors than the Vaisala RWIS. The compo-
nents of the High Sierra RWIS include a miniRWIS NTCIP (RPU), an IceSight (road
surface state and temperature sensor), a WS600 (Lufft compact weather station), a
StarDot Technologies NetCam XL (network camera), and a Sixnet cellular modem.
The operating voltage for the miniRWIS RPU is 24 VDC. This unit distributes power
to the other devices in the system. The communication interfaces used are RS485
bus and Ethernet.
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CHAPTER 5
BUILDING THE PORTABLE RWIS
In this chapter, we discuss the framework and construction of the portable weather
stations. The two trailer-based weather stations with RWIS equipment operate on
batteries powered by solar panels. The trailers purchased for the study were selected
after considering the electrical and mounting requirements of the sensors. These
weather stations have been constructed and delivered to MassDOT for use in the
field.
5.1 Framework for Building the Portable RWIS
In this section, we discuss the framework for building the trailer-based portable
RWIS. The High Sierra and Vaisala equipment was installed on separate trailers.
SST-320 trailers from Ver-Mac were selected for this purpose [40].
5.1.1 Electrical Requirements of Portable RIWS
The power for both the Vaisala and High Sierra portable RWIS comes from batter-
ies charged by solar panels. The panels should allow for up to 72 hours of continuous
operation without battery recharge. Both the High Sierra and Vaisala RWIS require
a 24 VDC supply voltage from the batteries. A solar controller that regulates the
voltage to the batteries is included in the electrical setup. This section explains the
electrical requirements and related calculations for both RWIS.
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5.1.1.1 Vaisala RWIS
Total current drawn by the system in the absolute worst case = 2.3 A. Total Ah
per day = 2.3A * 24 hours * 1.2 (derating factor) = 66.2 Ah/day. The best solar
panel model for applications not located in a polar region is determined by using the
equation [2]:
Solar panel current > ((system Ahr/day) ∗ 1.2)/(hrs of light) (5.1)
where 1.2 accounts for solar panel system loss, hrs of light indicates the number of
hours in the day that the sky is clear enough for the solar panel to source current.
The worst case condition of 5 hours per day is taken into account (i.e., winter). Based
on equation 5.1, the solar panel current for the Vaisala system to maintain continuous
operation can be calculated as:
System current drain = 2.3 ∗ 24 ∗ 1.2 (derating)/5 (hours of sunlight) = 13.25A.
(5.2)
Required battery capacity = (system current drain)(reserve time)/(0.8) (5.3)
Assuming reserve time equals 72 hours with equation 5.3,
Required battery capacity = 2.3A ∗ 72hours/0.8 = 207Ah (5.4)
The above calculations provide the following information:
• Batteries of greater than 207 Ah energy storage are needed for the system to
continuously operate for 72 hours with no sunlight.
• At maximum drain (2.3 A) and minimum sun exposure (5 hours), 13.25 A would
be required from the solar panels to recharge the batteries for continuous use.
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5.1.1.2 High Sierra RWIS
Total current drawn by the system in the absolute worst case = 1.6 A. Total Ah
per day = 1.6A * 24 hours * 1.2 (derating factor) = 46.08 Ah/day.
Based on equation 5.1, the solar panel current for the High Sierra system to
maintain continuous operation can be calculated as:
System current drain = 1.6 ∗ 24 ∗ 1.2 (derating)/5 (hours of sunlight) = 9.22A.
(5.5)
Assuming reserve time equals 72 hours with equation 5.3,
Required battery capacity = 1.6A ∗ 72hours/0.8 = 144Ah (5.6)
The above calculations provide the following information:
• Batteries of greater than 144 Ah energy storage are needed for the system to
continuously operate for 72 hours with no sunlight.
• At maximum drain (1.6A) and minimum sun exposure (5 hours), 9.22A would
be required from the solar panels to recharge the batteries for continuous use.
5.1.2 Mounting Requirements of the Portable RWIS
The construction of the portable RWIS involves the selection of trailers suitable
for installing both weather systems. The required configurations of RWIS equipment
on the Vaisala trailer and the High Sierra trailer are shown in figures 5.1 and 5.2,
respectively. The trailer should meet the following requirements in addition to the
sensor mounting requirements.
5.1.2.1 Dimensions of the mast
The preferred mounting height for the Vaisala WXT520, DSC111 and DST111
and High Sierra IceSight and WS600 is 20 feet. Its lower portion should be non-
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Figure 5.1: Configuration of RWIS equipment on the Vaisala trailer
telescoping to a height of 4 to 6 feet and should be a part of the overall 20 feet height.
The mast should be at least 6” in diameter and should be robust enough to withstand
sub-zero temperatures. The extension and retraction of the mast can be performed
manually. The trailer must include a base for the mast so that it can be supported
in an upright position. It is expected that the trailer will be transported to field sites
with the mast retracted to about 6 feet. The mast will be lowered to a horizontal
position for transport. Some sensors will be attached during transport, but others
will be mounted after site arrival.
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Figure 5.2: Configuration of RWIS equipment on the High Sierra trailer
5.1.2.2 Batteries and Enclosure
Both RWIS require 24 VDC voltage input from the batteries. Based on electrical
calculations, the portable RWIS require two 200 Ah, 12 VDC or four 200 Ah, 6 VDC
batteries. The batteries are connected in series to provide 24 VDC for the system.
A robust and waterproof enclosure should be available to hold these batteries. The
enclosure should measure at least 20”(W) x 15”(L) x 12”(D). A solar controller for
limiting the output current at the batteries is also required. AGM (maintenance-free)
batteries are preferred to limit the amount of work required by staff during the winter
months.
5.1.2.3 Mounting Requirements of Solar Panel
As mentioned in the electrical calculation section of this chapter, solar panels
should be able to charge the batteries to allow for 72 hours of operation without
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sunlight. Hence, each trailer should include support for one or two solar panels that
are capable of providing up to 6A of current to the batteries for recharging. The
panels are mounted on the trailer mast. Electrical connections from the panels to the
batteries are made via a solar controller. The solar panels should be able to rotate
around the mast and tilt.
5.1.2.4 MassDOT Transport
Each trailer should attach to the back of MassDOT trucks using a hitch for trans-
port. The trailers have been registered to MassDOT.
5.1.2.5 Mounting Requirements for Vaisala RWIS
For installation of Vaisala RWIS equipment on the trailer, a single crossarm is used
at the top of the 20-foot mast. Specific sensor mounting requirements are summarized
below:
• DSC111 and DST111: These sensors are typically installed on a pole or
a mast using mounting brackets and supporting crossarms. The DSC111 and
DST111 sensors from Vaisala should be within 30 feet of the area they are
measuring, and between 20-25 feet above the road. The acceptable mounting
height range is 6 feet to 50 feet. We currently mount them about 20 feet above
the roadway.
• DRD11A: The DRD11A should be mounted below the DSC111 and DST111
about 6 feet above the ground. A 13 feet long cable is provided with the
DRD11A. The DRD11A should be placed horizontal to the ground.
• WXT520: It should be mounted vertically towards the top of the mast. The
unit comes with a 32-foot long cable. It is desirable to mount the wind sensor
as high as possible for optimum measurement of wind parameters.
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• M12 Camera: The camera is mounted on the same crossarm as the DST111
and DSC111. Hence, the mounting height of the camera is same as these units.
• DM32 and cell modem: These units are mounted inside an enclosure cabinet
placed inside an unused battery box on the base of the trailer. The cabinet has
a distribution supply unit and mounting rails to support the DM32 and cell
modem. The dimensions of the cabinet are 19”(W)x 20”(H)x 6”(D).
5.1.2.6 Mounting Requirements for High Sierra RWIS
Three vertical mounts are required for mounting the IceSight, NetCamXL camera
and the WS600. Specific sensor mounting requirements are described below:
• IceSight: Typical mounting height for the IceSight is between 10-25 feet. The
distance from the sensor to the road should be between 10-50 feet on concrete
and 10-33 feet on black asphalt with an installation angle of 30◦ to 85◦. A 30 feet
cable is available for the connection from the sensor to an interface box. The
unit is currently mounted 20’ from the ground. The interface box is mounted
near the equipment box on the trailer base.
• WS600: It is mounted vertically on top of the mast at a minimum height of 15
feet. However, it is desirable to mount the wind sensor as high as possible for
optimum measurement of wind parameters. In our system the unit is mounted
on top of the 20-foot mast.
• Netcam XL Camera: The camera is installed in a weatherproof enclosure
using a mounting bracket towards the top of the mast to give maximum viewing
area.
• MiniRWIS RPU and Cell Modem:The miniRWIS RPU is a rack unit with
physical dimensions 10” x 17” x 1.75”. Modem dimensions are 4.7” x 3.77” x
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2”. Both the miniRWIS RPU and the modem are located in a storage box at
the base of the trailer.
5.1.3 Ver-Mac SST-320 Trailer
Ver-Mac SST-320 trailers were selected for our RWIS. A description of the me-
chanical and electrical setup of the trailers is discussed below.
5.1.3.1 Mechanical Setup of Ver-Mac SST-320
This trailer meets all the required specifications noted in the previous section.
The trailer contains a square mast, which extends up to 20 feet. The top portion
of the mast measures about 2”x2”. When retracted, the mast is about 4 feet tall.
Each trailer has a metal box measuring 24-5/8”x15-7/8”x10-5/16”. This box holds
the solar controller. There is an on/off switch in this box for the load. It acts as the
main DC breakout unit for the RWIS system. The trailer also includes two 85 W
solar panels which allow the batteries to be charged.
Two plastic battery boxes are also present on the trailer. One of these battery
boxes holds the RPU and the modem for the High Sierra system and the equipment
utility cabinet for the Vaisala system. The other battery box on each of the trailers
stores the batteries. Figure 5.3 shows the trailer before the equipment is mounted on
it.
5.1.3.2 Electrical Setup of Ver-Mac SST-320
Based on the electrical requirements of the trailer described in the previous section,
the electrical setup of the trailers is described below:
• Solar panels and batteries: Each trailer contains two 12 V solar panels of
85 W each. The trailers contain four 6 VDC, 210 Ah AGM batteries (from
Amstron) to provide a 24 VDC system. Figure 5.4 shows a picture of these
batteries placed in one of the battery boxes on the trailer.
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Figure 5.3: The trailer measures 12 feet long and 7 feet wide. The mast is shown in
a folded, horizontal position
The electrical wiring for both trailers should be set up for a 24 VDC power
system. This requires two 12 VDC solar panels to be connected in series on
each trailer and four 6 VDC batteries to be wired in series for each trailer.
Flooded batteries have poor performance during winter, as they are susceptible
to freezing. Also, flooded batteries require periodic equalization, which may
raise their output voltage above 30 VDC. For this reason, AGM (maintenance
free) batteries have been used.
• Solar controller: A solar regulator from Morningstar (model ProStar PS-30M
with LCD screen for voltage reading) is installed in the solar panel box [24]. The
controller uses a pulse width modulation (PWM) battery charging algorithm
suitable for 30 A and 12/24 VDC systems. The controller regulates battery
charging voltage and battery charge levels. The voltage coming from the panels
often exceeds battery voltage values by 10V or more. The controller supports
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Figure 5.4: AGM Batteries inside the battery box
gel, sealed (AGM) and flooded batteries. The solar panels and batteries are
connected to the solar controller through a distribution rail in the solar panel
box. There is an on/off switch at the load terminal to break the circuit when
required. The controller displays the battery charging voltage, solar current
(solar amps) and the load current (load amps). Figure 5.5 shows a picture of
the solar panel box with the solar controller.
• Load switch: The load unit has an on/off switch in the solar controller box.
There is also a small LED near the load switch to indicate if the load circuit is
on or off. This switch can be seen in figure 5.5 as a small black unit next to the
ProStar solar controller.
• Vicor DC-DC Converters: It is common to have high charging voltage across
the batteries in cold weather even if a solar controller is used. High voltage can
be due to damaged batteries or a damaged solar controller. The temperature
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Figure 5.5: ProStar Solar Controller and distribution rail in the Solar Panel Box
coefficient of the ProStar solar controller also needs to be considered for charg-
ing. Since high voltage may damage the sensors, a voltage regulator must be
installed between the batteries and the load. The required voltage regulator for
both the RWIS should have a maximum input voltage of 32 VDC, output volt-
age of 24 VDC and maximum power at least 100 W. The size of the converter
should be small enough to install in the solar controller box.
Two DC-DC voltage converters were procured from Vicor Electronics (one for
each trailer) to limit voltage from the batteries to 24 VDC. Each converter is
a chassis mount with custom input and custom output voltages and each unit
has 4 input pins and 5 output pins. The part number is VE-LJ13-IW. Each
unit has dimensions 2.58” x 2.5” x 0.62”. The regulator is shown in figure 5.6.
The converters were installed between the batteries and the load terminal of the
solar controller on both trailers. This action limits the voltage at the load to
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Figure 5.6: DC-DC voltage regulators from Vicor
24 VDC. Figure 5.7 shows a picture of a DC-DC regulator installed in the solar
controller box with connections to the solar controller and the load circuit.
• Grounding Rod: A grounding rod should be connected to each trailer to
provide earth ground in case of static discharge. The grounding rod is not
meant to deal with electricity from lightning strikes. A hole was drilled in the
battery box containing the RPU of each portable weather station. A connection
using 10 AWG ground wire from the grounding rod to the ground terminal on
the RPU of each trailer is used. Three foot grounding rods were procured
along with 10 AWG wire and acorn connectors for grounding rod connections.
These items have been installed on the trailers. Figure 5.8 shows a picture of a
grounding rod and associated grounding cable.
5.1.3.3 Mechanical Installations on Ver-Mac Trailers
• Vaisala Trailer: A 4 feet long crossarm with sensor mounts was installed to-
wards the top of the trailer’s mast. The equipment enclosure cabinet was placed
inside one of the battery boxes on the trailer. Other installations include secur-
ing the ROSA analyzer equipment enclosure cabinet inside one of the battery
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Figure 5.7: Solar controller box with solar controller, Vicor DC-DC regulators and
the electrical connections
boxes. A half-inch hole is required in the lower plate of the solar panel box for
the power cables, which are shielded by a conduit. For this purpose, the 1-inch
hole in the solar controller box can be covered with a plug to reduce it to a
half-inch size. A circular metallic disc is installed towards the base of the mast
to mount the cell modem antenna. Further details on constructing the Vaisala
portable RWIS are discussed in Section 5.2.
• High Sierra Trailer: This trailer requires installation of mounting brackets
for the IceSight, WS600, and Netcam XL camera on the trailer mast. The
miniRWIS RPU and Sixnet modem are placed inside one of the battery boxes.
A circular metallic disc is installed towards the center of the mast (at around 8
feet height) for mounting the cell modem antenna. A half-inch hole is required
in the lower plate of the solar panel box for the power cables, which are shielded
by a conduit. For this purpose, the current 1-inch hole in the solar controller
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Figure 5.8: Grounding rod connected to the trailer with a grounding cable
box can be covered with a plug to reduce it to half-inch size. Further details on
constructing the High Sierra portable RWIS are discussed in Section 5.2.
5.2 Construction of the Portable Weather Stations
This section discusses the procedure for installation of sensors on the trailers for
both Vaisala and High Sierra RWIS. Initial installations for both systems were done
at a test site at UMass Amherst. The trailers were then moved to MassDOT District
2 headquarters in Northampton, MA for extended testing. In order to complete the
construction of the portable weather stations, certain mechanical installations are
required for both trailers. The common requirements are as follows:
• Hooks and zip ties should be tied around the mast to hold the cables when the
mast is retracted. Bolts should be fixed on the masts to keep them stable. The
cables should be coiled together on the mast such that they do not hang loose
when the mast is raised.
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• Holes must be drilled in the battery box (used as an equipment box) of the
trailers for cabling. Strain relief connectors and conduits should be used around
these cables to protect them against tugging or inclement weather.
5.2.1 Installation of the Vaisala RWIS on a trailer
This section describes the procedure for installing sensors on the trailer for the
Vaisala RWIS. The operation, working and function of each of these units have been
discussed in Section 5.1.
• Crossarm for pavement sensors: The crossarm for mounting the pavement
sensors should be positioned on the mast in such a way that pavement sensors
are located towards the pavement and not away from it. This crossarm is used
for mounting the DSC111, DST111 and the Mobotix camera. The crossarm
has mounts for holding these devices. The sensors can be directly taken off the
mounts without removing the crossarm. Figure 5.9 shows the DSC111, DST111
and Mobotix camera mounted on the crossarm.
• DRD11A: The sensor is mounted on a horizontal strip on the trailer mast at a
height of around 8 feet. Figure 5.10 shows the DRD11A mounted on the trailer
mast. It has a wind screen to prevent wind from drying off the sensor surface.
• ROSA RPU: The ROSA DFM133 frame consists of DMC586 and DRI521
interface cards (Chapter 3).
– The DMC586 has Ethernet and COMM ports (RS232 for local debugging).
COMM1 is used for RS232 connections with a laptop/ PC. The RS232 bus
(COM2) on the DMC586 is connected to sockets 22 to 26 on the DRI521.
The IP Address of the DMC586 is 192.168.1.100
– The DRI521 has sensor termination, a processor, and analog inputs. It
manages the RS232 and RS485 serial bus. The power termination and
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Figure 5.9: Crossarm mounted with DSC111, DST111 and Mobotix Camera. The
WXT520 is installed at the top of the mast using a vertical mount
RS485 is at the far right of the card. For firmware updates, sockets 22 to
26 can be removed and replaced with an RS232 connector. The data rate
is 9600bps.
• Equipment enclosure cabinet: The equipment enclosure cabinet for the
ROSA is inside one of the trailer battery boxes. The cabinet consists of the
ROSA analyzer (DRI521 and DMC586 cards), the distribution rail and the
modem. The DRI521 and DMC586 cards of the ROSA analyzer are mounted
on a metal plate at the base of the cabinet. The modem is placed next to the
DRI521 on the metal plate.
The distribution rail (IED Din rail) is mounted below the DRI521 and the
DMC586. The terminal blocks in this rail are used to distribute power and
RS485 connections to all sensors and the ROSA analyzer. Figure 5.11 shows
the complete setup of the ROSA analyzer, distribution rail and modem in the
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Figure 5.10: DRD11A mounted on the trailer mast
cabinet with cable interconnections. The ROSA analyzer can be accessed with
an Ethernet connection using commands to read sensor data on a laptop.
• Cabling: Four holes must be drilled in a battery box on the trailer for cables
for the M12 camera, DSC111, DRD11A, and WXT520. Arlington 0.5” strain
relief connectors are fitted around these cables. Figure 5.12 shows a picture of
the battery box with these installations. The cables are coiled/routed properly
around the trailer mast. The equipment enclosure cabinet has a plastic mem-
brane at its bottom and each sensor cable is passed through this membrane
using a notch to connect them to the terminal blocks in the distribution rail. A
3 foot grounding rod is connected to the trailer for earth ground, as described
earlier. The cables are looped towards the end of the mast and the extendable
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Figure 5.11: Equipment enclosure cabinet for ROSA Analyzer consisting of DRI521,
DMC586, distribution rail with cable interconnections, power over Ethernet hub, and
modem
portion of the mast to avoid strain on the cables, especially while raising the
mast.
The DRD11A is connected directly to the DRI521 card using a rugged cable
provided by Vaisala. The Ethernet port on the DMC586 of the ROSA ana-
lyzer is connected to one of the Ethernet ports on the modem. The WXT520,
DSC111A, and M12 camera are all connected to the distribution rail using the
30 foot rugged cables provided by Vaisala. A Power-over-Ethernet (PoE) hub
is required to connect the camera with the modem (for Ethernet) and the dis-
tribution rail (for power). The hub is placed in the ROSA equipment enclosure
box and tied with zip ties around it to prevent it from moving. The power cable
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Figure 5.12: Battery box with four holes and connectors to thread the sensor cables
through them.
from the distribution rail in the RPU is connected to either the PC/Power or
LAN/ Power terminals (except camera terminal) in the PoE hub. The third
terminal is connected to the modem.
Power cables (GND and positive) from the distribution supply on the ROSA
analyzer are directly connected to the power connector on the front side of the
modem.
• Power Connections: Half inch in diameter, nonmetallic type electrical con-
duits are used for shielding the power cables. Accordingly, a half-inch connector
is required. 14 AWG wires are used for the power and ground connections from
the solar controller’s load terminal to the distribution rail. The distribution rail
further connects power to the power terminals (5 and 6) on the DRI521. This
equipment enclosure cabinet has a ground lug for a connection to earth ground
via the grounding rod.
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Figure 5.13: Screw for loosening the lower gasket of WXT520 for orientation
• WXT520: The WXT520 is mounted towards the top of the mast using the
provided vertical mount. The unit must be oriented towards the north using
a compass. It should be re-oriented every time the trailer is moved to a new
location. This adjustment is done using a screw on the sensor bracket. The M8
connector at the bottom of the sensor is connected to the distribution rail in
the equipment enclosure cable via a 30 foot rugged RS485 cable.
For orientation, the lower gasket on the WXT520 is loosened and the unit is
directed so that it faces north when the mast is extended vertically. The gasket
is tightened after orientation. Figure 5.13 shows the screw on the lower gasket
to be used for loosening the WXT520 on its pole mount. The WXT520 is highly
sensitive and must be kept in a protective cover when removed from the trailer.
A wrench is provided for the WXT screws used for orientation and mounting.
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Figure 5.14: Connectors on DSC111 to connect DST111 and the ROSA Analyzer
• Pavement Sensors: The DSC111 and DST111 are fixed on their correspond-
ing mounts on the crossarm. The DST111 is connected to the DSC111 in a daisy
chain connection. Figure 5.14 shows the connectors on the DSC111 for connec-
tions to the ROSA and the DST111. Figure 5.15 shows the Mobotix camera,
WXT520, DSC111 and DST111 on a singe crossarm on the trailer mast.
Pavement Sensor Calibration: Sensor calibration depends on the road type,
road color, concrete type and many other factors. Baseline calibration of the
sensors should be done on a dry surface. These pavement sensors have a “self-
calibrating” feature which allows the sensors to automatically adjust their cal-
ibration as the road surface changes. This feature helps reduce maintenance
efforts involving adjustment of reflected laser threshold values as a result of
changes in road surface and emissivity. The sensor’s laser focusing screws at
the base of the sensors are used to aim the lasers for the pavement sensors. The
pavement sensors measure an 8-10 inch area on the road. The installation angle
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Figure 5.15: Mobotix camera, WXT520, DSC111 and DST111 on the trailer mast
of the pavement sensors should be about 45◦. To aim at a target spot on the
road, the aiming angle of the sensors should be adjusted very carefully, taking
into consideration the hypotenuse and the distance of the target spot from the
edge of the trailer. Depending on this distance, the sensor’s laser focusing screw
is adjusted by turning it in anti-clockwise direction. A 4 mm screw wrench is
used for turning the mounting screw. This screw wrench has been provided
with the equipment. A laser-pointing tool is required for aiming the sensors
precisely at the target spot on the pavement.
The pavement sensor should face slightly away from traffic to avoid reflections
from cars. Significant reflections can result in erroneous readings. A bucket
truck can be used to efficiently adjust the installation angle of the pavement
sensors on the trailer mast while the mast is raised to a height of 20 feet.
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Figure 5.16: Installation of pavement sensors on the trailer mast by a Vaisala repre-
sentative
Figure 5.16 shows a Vaisala representative mounting the pavement sensors on
the extended mast using a bucket truck. A 5 mm screw wrench is provided and
should be used for adjusting bolts on the DSC111 and DST111.
• Mobotix Camera: It is placed on a mounting bracket fixed on the crossarm.
The camera should be adjusted to point in the direction of the pavement sensors.
The ROSA analyzer uses FTP connection to access camera images. The IP
address is 192.168.1.105.
The power over Ethernet (PoE) rugged 30 feet cable from the camera is plugged
into the camera port hub in the equipment box. The cable is gel filled to keep
water out. PoE converts the 24V input to 48V output for the camera.
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Figure 5.17: Trailer with the Vaisala sensors mounted and mast extend horizontally
• Modem: The modem has a firewall for security. A putty terminal can be
used to access the modem. The IP address of the modem is 192.168.1.95.
It is connected to the DMC586 card of the ROSA Analyzer via an Ethernet
connection. It is a 3G cellular modem which has an antenna connected to it for
transmitting data from the ROSA analyzer to a central server. The antenna is
mounted on a circular metallic disc installed towards the bottom of the mast.
Figures 5.17 and 5.18 show the trailer after complete assembly of the Vaisala
RWIS equipment.
5.2.1.1 Power Analysis:
The RWIS system on the trailer was powered on by turning on the load switch in
the controller box. The observed battery voltage so far has been between 25-28 V at
the input of the DC-DC regulator. The load amperes have been observed to be 0.7 A
with all the devices turned on and to be 0.4 A without pavement sensors. It is expected
76
Figure 5.18: Vaisala trailer with mounted sensors at the MassDOT District 2 office,
Northampton, MA
that with the current summer conditions, the system will operate continuously for
more than 72 hours of no sunlight before powering off due to discharging. On typical
sunny days, the solar amps have been noted to be as high as 5A.
5.2.2 Installation of the High Sierra Electronics RWIS on a trailer
This section describes the procedure for installing sensors on the trailer for the
High Sierra RWIS. The operation and function of each of these units have been
discussed in Chapter 4. The framework for installation of the High Sierra equipment
on the trailer was completed at UMass Amherst. The installation of sensors and
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Figure 5.19: High Sierra trailer mounted with fixtures for the IceSight and NetCam
camera
cabling on the trailer was done at the MassDOT District 2 office, Northampton, MA.
The installation procedure is discussed below.
• Installation of mounts on the trailer: The framework consists of fixtures
(brackets) for the WS600, IceSight, antenna, and NetCam camera. A vertical
mount for the WS600 was designed at the UMass workshop and fixed towards
the top of the trailer mast. The brackets for the IceSight and NetCam were
provided with the equipment and are mounted towards the top of the mast as
shown in Figure 5.19. A circular metallic plate is mounted for the antenna,
similar to the Vaisala trailer. This plate is mounted on a horizontal strip, at
around 8 feet height, on the mast.
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Figure 5.20: IceSight fixed on its mount. The screw on the mount is used for orienting
the sensor
• IceSight: The IceSight road condition and road temperature sensor should be
installed such that it aims at the pavement at an angle of between 30 and 85
degrees from the horizontal. The provided mount for the IceSight was installed
on the trailer mast. The bracket on this mount can be rotated to aim the
IceSight towards the pavement. The angle from horizontal can be adjusted
with the screws on the bracket. Figure 5.20 shows the IceSight fixed on its
mount. The screws on the side of the mount are used for orienting it against
the vertical axis. The cable for the IceSight was connected to the RPU through
the interface box as described in the cabling section. The cable for the IceSight
connection is 30 feet long.
79
Figure 5.21: IceSight interface box and holes drilled in the battery box for cabling
the sensors
The IceSight interface box has terminations for RS485 and power coming from
the RPU. Figure 5.21 shows the interface box mounted on the outer side of
the battery box containing the RPU. The interface box should be kept closed,
except when calibrating the IceSight.
IceSight Calibration: The procedure for calibrating the IceSight is straightfor-
ward and discussed briefly in this section. The desired angle for the IceSight
is adjusted by attaching a provided pen-sized laser to the unit and raising the
mast such that the laser points at the target area. A bucket truck can be used
to allow access to the IceSight when the mast is raised. The installation angle
can be adjusted by rotating the mounting bracket and the screws at the bottom
of the mount.
The interface box consists of an Ethernet port for communicating with the
IceSight. To calibrate the IceSight, the Ethernet cable is connected to a laptop.
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Figure 5.22: Ethernet cable connection between the interface box and the laptop
running the Java application for calibration
A Java application, IceSightCal4.0.2.java (comes the with IceSight), is executed
on the laptop to view the live data feed from the IceSight. This setup is shown
in figure 5.22. The configuration details for the IceSight are as follows:
IP Address: 192.168.1.180
Subnet Mask: 2555.255.255.0
Gateway: 192.168.1.1
Network settings should be changed on the laptop to an IP address within the
range of the IceSight’s IP address. The gain values for X and Y are adjusted
coarsely to 1800 by adjusting the gain parameter on the application. After
hitting the “Auto Calibrate” button, the fine gain adjustments are done by the
IceSight to calibrate the gain such that it is around 1800 for both X and Y.
These configurations are saved and submitted to the IceSight. The calibration
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should be done on a dry surface. The live feed should indicate a dry surface
and 0.8 as the grip value after calibration (a value of 0.7 is also acceptable).
To test the performance of the IceSight on a wet surface, water was sprayed on a
target area. The surface and gain values changed to indicate a wet surface within
seconds, as shown on the Java application. After calibration, the application
was closed and the Ethernet cable was disconnected and secured inside the
interface box. For the detailed procedure regarding IceSight calibration, readers
are directed to the High Sierra product manual and the High Sierra portable
weather station user manual [16].
• WS600: The WS600 compact weather station is mounted vertically on the
mast in an open area to avoid obstruction in wind measurements. A vertical
post is fixed on top of the mast for WS600 mounting. The WS600 is aligned in
a northerly direction using a compass. The sensor is secured around the post
using screws at the bottom of the sensor. The unit is connected to the RPU
using a provided rugged RS485 cable. This cable is approximately 30 feet in
length. Figure 5.24 shows the picture of WS600 mounted on the center top of
the trailer mast.
• NetCam camera: The camera is stored inside the provided enclosure box at
the top of the mast. There are two separate cables for power and Ethernet. Each
of the cables is rugged and 30 feet in length. The Ethernet cable is connected
to port 2 on the modem.
Configuring the Camera: The IP address of the camera needs to be configured
before installation. The camera is connected to a PC using the provided serial
cable to perform this action. “The StarDot Tools-1.6.0-x64” application should
be installed on the PC. The software is available on the CD which is shipped
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with the NetCam. After running the software, the NetCam is configured as
follows:
IP: 192.168.1.4
netmask: 255.255.255.0
gateway: 192.168.1.1
These settings are updated in the camera memory using the utility software.
Cable connection for NetCam: An Ethernet cable has a RJ45 Ethernet con-
nector for connection to the camera. The connector is crimped onto the cable
after connecting the cable to the RPU through the trailer’s battery box. The
end with the RJ45 connector is threaded through the strain type connector at
the bottom of the enclosure and connected to the camera. A barrel connector
is connected to one of the ends of a cable to power the camera. This end is
threaded through the strain relief connector at the bottom of the enclosure and
connected to the camera. The other end is connected to the RPU.
Figure 5.23 shows the NetCamXL camera in the enclosure. The figure also
shows the power and Ethernet cables coming out of the enclosure through the
strain relief connectors. Figure 5.24 shows the NetCam XL (in the enclosure)
mounted on the trailer’s mast.
• Remote Processing Unit (RPU): The RPU and modem are secured inside
the battery box in a plastic box. The RPU is mounted on a wooden plank
fixed to the base of the plastic base and the battery box. RPU has designated
sockets for all sensors. All cables from the sensors are terminated at the RPU
in their respective sockets. The WS600 cable is connected to the socket labeled
’WS600’. The IceSight cable is connected to the interface box. There is another
cable from the interface box that is connected to the socket labeled “pavement”
on the RPU. The cables for the NetCamXL and the modem are connected to
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Figure 5.23: Cable connections for NetCam XL and its mount
the socket labeled “water depth” for power and ground connections. The RPU
Ethernet port is connected to modem port 1 using a cable. Figure 5.25 shows
the socket connections on the front panel of the RPU for the sensors.
The RPU obtains 24 VDC from the output of the Vicor DC-DC regulator
connected at the load terminal of the solar controller. 14 AWG wires are used for
this connection which ends at the power and ground terminals of the RPU. Red
and black cables for positive and ground, respectively, are covered with a plastic
type conduit to protect them from outside exposure. Earth ground is provided
on the RPU via the grounding rod (connection to the RPU is on the left of the
main 24VDC and ground connections on the RPU chassis). These connections
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Figure 5.24: WS600 and NetCam XL (in enclosure) mounted on the trailer mast
are shown in figure 5.26. Figure 5.27 shows the RPU chassis mounted inside a
plastic box in the battery box.
• Modem: The modem is fixed to the base of the plastic box in the battery
box on a wooden plank next to the RPU. An AT&T 4G connection is used for
cellular connection. The antenna for the modem is mounted towards the top of
the un-extendable portion of the mast on a metallic disc. The cable from the
antenna is connected to the modem.
• Cabling: Six holes should be drilled in the battery box to accommodate the
cables going from the sensors and the camera to the RPU and modem inside the
battery box. Half-inch Arlington strain-relief connectors are required to secure
the cables through these holes. A hole is also required for the grounding cable
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Figure 5.25: Socket connections for various sensors on the RPU chassis. The WS600
connections are on the far left, IceSight connections in the middle, and NetCam power
connections on the right
to connect earth ground on the RPU to the grounding cable. Another hole is
needed for the power cables coming from the solar controller box.
The cables are routed along the trailer mast in such a way that there is slack
towards the base and the extendable portion of the mast. The cables are secured
around the trailer using ties and Velcro bindings. Figure 5.28 shows the holes
and cables going into the battery box. The interface box for the IceSight is
mounted on the outer side of the battery box. Figure 5.29 shows the trailer
after complete assembly of the High Sierra RWIS equipment.
5.2.2.1 Power Analysis
The RWIS system was powered on by turning on the load switch in the controller
box. The observed battery voltage so far has been between 26-28 V at the input of
the DC-DC regulator. The load amperes have been observed to be 0.7 A with all the
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Figure 5.26: Power and ground connections on the RPU chassis
devices turned on and to be 0.5 A without the IceSight. It is expected that with the
current summer conditions, the system will operate continuously for more than 72
hours of no sunlight before powering off due to discharging. On typical sunny days,
the solar amps have been noted to be 5A.
Figure 5.30 shows both the Vaisala and High Sierra trailers located adjacent to
each other at the MassDOT District 2 office in Northampton, MA
5.2.3 Trailer setup for field deployment
For safety purposes, it is necessary to ensure that the RWIS sensors mounted on
the trailers are secured for transport and field deployment. The measures to be taken
for transporting and deploying the trailers at a field site are discussed below:
• All Vaisala sensors, except the DRD11A precipitation sensor and the M12 cam-
era should be unmounted from the trailer prior to transport. The M12 camera
can be covered with a stuff sack to protect it from dust and gravel during trans-
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Figure 5.27: RPU mounted inside a plastic box in the battery box
port. The unmounted sensors should be transported in original shipping cartons
to the field site avoid damage.
Figure 5.31 shows the Vaisala trailer in this setup where all the sensors except
the DRDA11A and the M12 have been taken off the trailer before transporting
it to a field site. Note that the solar panels were lowered and laid flat, the
mast has been retracted and folded horizontally, cables have been tied around
the mast and all the pins of the trailer have been inserted into their original
(transport) positions.
• All High Sierra sensors, except the NetCam XL camera, should be unmounted
from the trailers prior to transport. The unmounted sensors should be trans-
ported in original shipping cartons to the field site to avoid damage.
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Figure 5.28: Holes and cables from sensors connected to the RPU inside the battery
box
Figure 5.32 shows the High Sierra trailer in this setup where all sensors except
the camera have been taken off the trailer. Note that the solar panels were
lowered and laid flat, the mast has been retracted and folded horizontally, cables
have been tied around the mast and all the pins of the trailer have been inserted
into their original (transport) positions.
• When deployed next to a highway, the trailer should be positioned so that it is
aligned to the flow of traffic (e.g. back of trailer faces on-coming traffic). The
trailer should be level on the roadside surface. Solar panels should be oriented
towards the south.
• The pavement sensors should be mounted on the trailer mast so that they
face towards the road, but away from oncoming traffic. The trailer is typically
positioned 10 feet from the edge of the shoulder of the road and 20 feet from
the target road condition monitoring spot. The pavement sensors should be
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Figure 5.29: High Sierra trailer located at the MassDOT District 2 office, Northamp-
ton, MA
mounted facing away from the traffic to avoid obstructions due to reflections
from vehicles.
• The mast should not shake. Each of the masts has a bolt on it which must be
tightened.
• There should be no loose or hanging cables on the deployed trailer. Cables
must be tightly secured using ties and hooks (Velcro is useful). Cables should
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Figure 5.30: Vaisala and High Sierra trailers located at the MassDOT District 2 office,
Northampton, MA
be aligned along the mast. Cables can have loops so that the mast can be
extended without straining the cables.
• The trailer should have proper grounding. A grounding rod should be attached
to each trailer for this purpose.
• All mounting brackets and cross arm sensors should be affixed properly.
• All sensors should have proper encasements to protect them from dirt or gravel.
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Figure 5.31: Setup of the Vaisala trailer for transportation to a field site
• The battery voltage should be checked before powering on the RWIS and peri-
odically during the operation of the RWIS.
• During winter, the solar panels should be cleared of accumulated snow.
5.3 Conclusion
In this chapter, the framework and procedure for building the portable RWIS on
trailers has been described in detail. To mount the RWIS equipment from Vaisala and
High Sierra, both mechanical and electrical requirements of the sensor components
must be taken into account. Suitable trailers that meet the criteria for installing and
using the equipment have been identified. Two SST-320 trailers from Ver-Mac were
used for mounting the RWIS equipment. The trailers include AGM maintenance-
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Figure 5.32: Setup of the High Sierra trailer for transportation to a field site
free batteries and two 85W solar panels. Detailed installation procedures for the
RWIS equipment on these trailers have been discussed. Deployment instructions for
the RWIS on a roadside are also provided. Both trailers were initially deployed at
a test site at the MassDOT District 2 office in Northampton, MA for performance
evaluation. The trailers have now been moved to field sites along highways at two
different locations in Massachusetts. The Vaisala RWIS is positioned on Rt. 2 in
Templeton, MA and the High Sierra trailer is at the Rt. 3 and Rt. 44 interchange in
Plymouth, MA.
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CHAPTER 6
DATA EVALUATION AND RESULTS
This chapter presents an analysis of atmospheric and pavement data collected
by the two portable weather stations and comparisons for atmospheric data against
readings from the Acurite sensor over a roughly two week time period. The atmo-
spheric data consists of parameters such as air temperature, humidity, atmospheric
pressure, dew point, wind speed, wind direction, and precipitation. The pavement
data consists of pavement temperature, surface friction, and surface state. The RWIS
components from Vaisala and High Sierra RWIS were mounted on trailers selected for
this project and parked next to each other in a parking lot at the MassDOT District
2 office in Northampton, MA. Installation and calibration guidelines were followed
carefully to ensure accuracy in data collection. The atmospheric and pavement data
reported on the websites were analyzed and compared for accuracy. A third, low-cost
weather sensor, the Acurite weather station from Chaney Instruments Inc [6], was
mounted about 160 feet from the two weather stations to provide a source of reference
for atmospheric measurements.
It should be noted that while our analysis is scientific, many factors could have
affected the results. These factors include the limited accuracy of the sensors, the
positioning of the sensors, and the fact that data from the sensors were not obtained at
exactly the same time instants. Our analysis should be assessed with these conditions
in mind.
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6.1 Acurite 5-in-1 Weather Station
The Acurite 5-in-1 weather sensor (model number 02032CRM) is a low cost sensor
consisting of 5 features [6]. This unit was selected for its low cost, ability to measure
the desired weather parameters, and its data-logging capability. The parameters
measured by this weather sensor are:
• Temperature
• Humidity
• Wind Speed
• Wind Direction
• Rainfall
The unit transmits data to a display unit through a wireless medium and the
display unit stores it in memory. The display unit should be placed within 300 feet
from the sensor. The sensor operates on batteries and the display unit operates on
AC power. The unit can store data at intervals of 12 minutes for up to 72 hours.
The data can be downloaded as a file to a PC. The data can also be uploaded to a
website hosted by Acurite periodically and can be viewed on the web as long as the
display unit is connected to a PC via the USB interface.
A description of this weather sensor is given below [6]:
• Solar Powered Internal Fan: The Acurite Weather Station includes a solar
panel that powers a fan inside the sensor to ensure the ambient temperature
is measured. As sunlight falls on the unit, there is a possibility of the sensor
giving erroneous readings. Based on the amount of sunlight, the solar panel
activates a fan that makes sure the correct temperature is measured and avoids
errors due to sunlight.
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Figure 6.1: 5-in-1 Acurite Weather Station [6]
• Wind Vane: The Acurite Weather Station features a wind vane to detect the
wind direction. The large, balanced wind vane detects wind direction changes.
Optical sensors track the current wind direction.
• Rain Collector: The polished rain collector funnel directs all raindrops into a
rain collector. The rain collector acts as a tipping bucket. It is a self-emptying
digital rain collector with a calibration feature.
• Anemometer: The Acurite Weather Station also contains a wind speed sensor
and an anemometer. The display unit provides the wind speed peak, the average
wind speed and the most current wind speed.
The specifications of the sensor are shown in table 6.1 [6]. The directions given
in the unit’s user manual were followed to install and calibrate the Acurite. The user
manual provides a complete description of the unit and its installation procedure [6].
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Table 6.1: Specifications of the Acurite weather station
Temperature Range -40 to 158 degrees Fahrenheit
-40 to 70 degrees Celsius
Temperature Accuracy +/- 2 degrees Fahrenheit
Humidity Range 1% to 99% Relative Humidity
Humidity Accuracy +/- 5% from 1% to 10% Relative Humidity
+/- 4% from 10% to 20% Relative Humidity
+/- 3% from 20% to 80% Relative Humidity
+/- 4% from 80% to 90% Relative Humidity
+/- 5% from 90% to 99% Relative Humidity
Wind Speed 0 to 99 mph; 0 to 159 Kph
Wind Speed Accuracy +/- 2 mph below 10 mph
+/- 3 mph from 10 to 30 mph
+/- 4 mph from 30 to 50 mph
+/- 5 mph from 50 to 99 mph
Rainfall Capacity 0 to 99.99 inches; 0 to 99.99 millimeters
Rain Gauge Accuracy +/- 0.05-inches per inch of rainfall
6.2 Location of the Weather Stations
For this study, a location with similar conditions for both portable weather stations
and the Acurite unit was needed. The parking lot of the MassDOT District 2 office
in Northampton, MA was chosen for sensor deployment.
Vaisala and High Sierra portable weather stations: The two portable
weather stations were parked next to each other in a corner of the parking lot at
the MassDOT District 2 office, as shown in figure 5.30. The solar panels were ro-
tated to face south. This location was chosen because there was enough space for
the trailers to be parked next to each other and to provide similar environmental and
pavement conditions for the sensors. Also, there was limited interference from other
vehicles in the parking lot area which reduced the chances of damage to the RWIS
equipment or interference on the pavement being sensed by the pavement sensors.
All sensors (except the DRD11A precipitation sensor) were mounted at a height of
20 feet on the mast of the trailers. The DRD11A was mounted at a height of 6 feet.
The target spot on the pavement for High Sierra’s IceSight was around 23 feet
away from the edge of the High Sierra trailer. The target spot on the pavement for
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Vaisala’s DST111 and DSC111 was around 6 feet away from the edge of the Vaisala
trailer. The target spot for the High Sierra trailer was closer to a shelter than Vaisala’s
target spot. Both target spots had the recommended amount of pavement around
them to generate accurate readings (about 3 to 4 feet in diameter), although shading
from trees and shelters may have affected pavement temperature slightly. Both the
trailers had shelters on their sides (about 30 feet away on the pavement sensing side)
and in general, this region is slightly more shaded than the region where the Acurite
weather sensor is mounted.
Acurite weather sensor: The Acurite sensor is mounted in an open area near
one end of the parking lot at the MassDOT District 2 office and adjacent to I-91. It
was installed on a metal pole (shown in figure 6.2) at about an 8 feet height from the
ground. The unit is far enough from the highway to avoid errors in readings from
vehicles on the highway. The display unit is kept on the second floor of the District
2 office building in a room next to the fence where the sensor was installed. The
approximate distance between the sensor and base of the building is 50 feet.
This weather station was installed at about 160 feet from the portable weather
stations to provide a reference for the data collected by the Vaisala and High Sierra
sensors.
6.3 Data reported by the Vaisala and High Sierra RWIS and
the Acurite weather sensor
In this section, we discuss the parameters collected by the Vaisala RWIS, the High
Sierra RWIS and the Acurite weather sensor. The RWIS data can be accessed on the
vendors’ websites. Camera feeds are also available on these websites. The Mobotix
M12 camera mounted on the Vaisala RWIS displays still images on the website every
5 minutes. The NetCam XL camera mounted on the High Sierra RWIS provides a
live feed on a website and up to 10 still images captured by the camera at 10 minute
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Figure 6.2: Acurite mounted to the top of a pole in an open area, adjacent to I-91
intervals on a separate website. Website interfaces for both companies report the last
24 hours of data and also include features to download log files in CSV format that
can be read into Microsoft Excel and other spreadsheet tools.
Vaisala RWIS: The Vaisala weather station was moved to the MassDOT District
2 office in Northampton, MA on 21 May 2015 and all sensors were mounted on the
trailer by 28 May 2015. Data collected in June and July 2015 are available on the
Vaisala Project Navigator website. The Vaisala web server polls the data from the
ROSA RPU every 5 minutes. All parameters are reported on the website at the same
time interval of 5 minutes. The atmospheric and pavement parameters measured by
the Vaisala RWIS are given below.
• Surface temperature (Fahrenheit)
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• Surface state (Dry, wet, moist, slush, ice, snow or frost)
• Air temperature (Fahrenheit)
• Dew point (Fahrenheit)
• Grip
• Water layer thickness/ Ice layer thickness/ Snow layer thickness (mm)
• Relative humidity (percentage)
• Rain state
• Wind speed (Miles/Hour)
• Max wind speed (Miles/Hour)
• Wind direction
• Rolling average precipitation for past 1, 3, 6, 12 and 24 hours (mm)
• Rain intensity (mm/Hour)
• Atmospheric pressure (hPa)
High Sierra RWIS: The High Sierra weather station was moved to the MassDOT
District 2 office in Northampton, MA on 10 June 2015 and the WS600 data collected
in June and July 2014 are available on the High Sierra website. The IceSight was
mounted on the trailer on 11 June 2015 and pavement data is available from 17 June
2015. The High Sierra web server polls the data from the RPU every 15 minutes.
However, the data on the website appears at varying intervals between 5-25 minutes
for different parameters due to a delay in processing the data reported by the sensors.
The reason for this issue is not known. The atmospheric and pavement parameters
measured by the High Sierra RWIS are given below.
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• Surface temperature (Fahrenheit)
• Surface status (dry, wet, trace moisture, standing water, ice, snow)
• Surface friction
• Pavement sensor air temperature (Fahrenheit)
• Pavement sensor min air temperature (Fahrenheit)
• Pavement sensor max air temperature (Fahrenheit)
• Wind direction
• Wind speed
• Wind gust and spot direction and speed
• Atmospheric pressure (hPa)
• Rain gauge level (inches)
• Precipitation rate (inches/hour)
• Air temperature (from WS600) (Fahrenheit)
• Dew point (Fahrenheit)
• Relative humidity (percentage)
• Rolling average precipitation for past 1, 3, 6, 12 and 24 hours (in inches)
In addition to these parameters, status parameters are reported on the website.
These parameters create alerts/alarms for atmospheric and weather conditions under
observation. Similar status conditions for the Vaisala RWIS can also be set up to
create alerts/alarms. Status parameters include:
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• Black ice signal
• Surface status
• Pavement sensor grip
• Pavement sensor status
• Pavement sensor error
• Wind situation
• Precipitation situation
Acurite Weather Sensor: The Acurite weather sensor was installed at the
District 2 office on 29 June 2015 and the data from this unit is available for certain
time periods in June and July 2015. This weather sensor reports data every 12 minutes
on its display unit. The parameters measured by the unit are given in Section 6.1
and repeated below for completeness.
• Air temperature (Fahrenheit)
• Relative humidity (percentage)
• Dew point (Fahrenheit)
• Atmospheric pressure (hPa)
• Wind direction
• Current wind speed (miles/hour)
• Wind peak (miles/hour)
• Wind average (miles/hour)
• Rainfall (inches)
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6.4 Issues with data collection
Vaisala RWIS: The data from the Vaisala RWIS was monitored from 29 May
2015 to 3 August 2015. There was an issue with some data not being reported on the
Vaisala website for about an hour on 2 June 2015 as there was no firewall installed
for the modem. After installation of the firewall, data was displayed once again. All
data has been reported consistently from the Vaisala RWIS since 2 June 2015.
High Sierra RWIS: Data from the High Sierra RWIS was monitored from 18
June 2015 to 21 July 2015. Some of the issues noted during the evaluation period are
given below:
• IceSight Calibration: Starting on 29 June 2015, the High Sierra IceSight road
pavement sensor reported incorrect friction and dew point values and pavement
sensor errors. The pavement sensor indicated a dirty lens condition, even when
there was no rain and the lens was known to be clean. These readings indicated
that the IceSight needed to be re-calibrated. The cause for the device going
out of calibration is not clear. The unit was re-calibrated on 8 July 15. All pa-
rameters, except the pavement sensor error value, then reported correct values.
It was then suggested that the threshold for the dirty lens error value was not
set correctly. These parameters were readjusted using the IceSight Java-based
calibration application on 10 July 15. The gain values were changed from 1800
for X and Y to 1700 each. The gain values of 1800 are for ideal pavement
conditions and even with a slight decrease in the laser reflected back, a “dirty
lens” condition would appear. Hence, a value of 1700 prevents the IceSight
from reporting dirty lens errors in ideal pavement conditions. After the fix, all
readings from the IceSight sensor for the evaluation period appeared correct
during the evaluation period.
103
Due to the calibration issue mentioned above, some of the IceSight parameters
in the subsequent discussion (e.g. friction, dew point, and air temperature) are
offset by large values during the period between 29 June and 8 July.
• Time offset by an hour: On the original web interface provided by High Sierra
to display data from the RWIS, data was not updated regularly until 29 June
2015. To address this problem, the time displayed on the website was offset
by an hour. We were then able to receive new sensor data regularly but, as a
result, the actual time for the displayed data was the displayed time plus one
hour. This issue has now been resolved for the new web interface developed by
High Sierra for the RWIS.
• Random error values: Some of the parameters, such as the precipitation rate,
WS600 atmospheric temperature, etc., randomly show erroneous values. The
reason for this issue is not known although it may be related to the previously-
mentioned web site issues. Taking these factors into consideration, only IceSight
pavement data obtained after 9 July 2015 have been evaluated for this study.
6.5 Methodology
This section describes the methodology used to conduct experiments and the
statistical parameters used to analyze sensor data. Since stable pavement status in-
formation from the IceSight was only available after recalibration on 8 July, pavement
data from 9 July to 21 July is considered for comparisons against data from Vaisala
pavement sensors. Atmospheric data from the Acurite weather sensor from 9 July
2015 to 11 July 2015 and from 14 July 2015 to 21 July 2015 are used to support
comparisons against Vaisala and High Sierra equipment during these time spans.
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6.5.1 Weather Conditions
The following weather conditions were considered during this study. Note that
these conditions reflect the summer season.
Pavement Conditions: Pavement temperature, friction, and state (condition)
from the Vaisala and High Sierra pavement sensors were observed. The pavement
conditions were limited to asphalt. Possible factors impacting pavement conditions
during this period are as follows:
• Pavement temperature measurements with and without direct solar impact:
Pavement temperature and surface state on a sunny day and a day without sun
were observed.
• Pavement with rainfall: Pavement conditions observed during rainfall.
• Warm pavement with snowfall: Since natural snowfall is not possible at this
time of the year, crushed ice was manually distributed over the pavement to
simulate the condition of artificial snow. Surface condition was then observed.
Precipitation measurement: Precipitation rate readings during rainfall from
Vaisala and High Sierra precipitation sensors were observed and contrasted.
Wind measurement: Wind speed values from the Vaisala, High Sierra, and
Acurite wind sensors were observed and contrasted. In some cases, wind speed values
for Vaisala and High Sierra may have been affected by trees located about 75 feet from
the trailers which could restrict wind flow. The Vaisala and High Sierra atmospheric
sensors are mounted at a height of 20 feet, whereas the Acurite weather sensor is
located in an open area at a height of 8 feet. Hence, it makes sense to compare data
from the three sources for wind speed measurements in terms of general trends rather
than absolute values.
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Air temperature, atmospheric pressure, and humidity: Data values for
these parameters were observed on sunny days and during rainfall. The data values
from Vaisala, High Sierra and Acurite sensors have been used to generate comparisons.
6.5.2 Statistical Parameters
In order to quantify the data collected by the sensors, the following statistical
parameters have been considered for data analysis and accuracy [28]:
• Mean Absolute Difference: The average of the absolute values of the differ-
ences between the readings from each of the portable weather stations. It is a
linear score; all individual differences are weighted equally, on average. Since,
the absolute value of each difference is measured, this value does not allow high
and low values to cancel each other out.
• Root Mean Square Difference: The differences between the readings from
each of the two portable weather stations with reference to the readings from
the Acurite weather sensor are squared and then averaged. The square root of
the average is the root mean square difference. This is a quadratic scoring rule
which measures the average magnitude of the error. This parameter is more
sensitive to data points that are further from the mean.
• Scatter plots were used to graphically display the Acurite weather sensor
and RWIS sensor data. Scatter plots detect trends and variations between the
different sensors and/or weather conditions.
6.6 Data Evaluation
This section presents results from the analysis of different data values collected
by the portable weather stations and reported on vendor websites. Air temperature,
humidity, dew point, wind speed and atmospheric pressure are compared between
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Figure 6.3: Mean Absolute Difference between Vaisala RWIS and High Sierra RWIS
- Air Temperature
Vaisala RWIS, High Sierra RWIS, and Acurite sensors. Precipitation intensity and
pavement data values are compared between Vaisala and High Sierra RWIS sensors.
6.6.1 Comparison results of Vaisala and High Sierra sensors for air tem-
perature, atmospheric pressure, wind speed, humidity, dew point
and surface temperature
This section presents the differences in readings recorded by Vaisala and High
Sierra sensors. The mean absolute differences between the data values from the
Vaisala RWIS and the High Sierra RWIS were calculated to quantify the data re-
ported by these systems. These differences were calculated using data taken once per
hour over 24 hours. The mean absolute difference for air temperature, atmospheric
pressure, dew point, surface temperature, wind speed and humidity are given in fol-
lowing graphs for the time periods between 9 July and 10 July and between 14 July
and 21 July.
Air Temperature: The graph in figure 6.3 shows the mean absolute difference in
the air temperature between the Vaisala WXT520 and the High Sierra WS600. The
data taken into consideration were obtained on 9 and 10 July, and 10 through 21 July.
Most values are almost identical with a maximum difference of 1.26 deg Fahrenheit
107
0	  
0.1	  
0.2	  
0.3	  
0.4	  
0.5	  
0.6	  
0.7	  
0.8	  
9th	  July	  10th	  July	  14th	  July	  15th	  July	  16th	  July	  17th	  July	  18th	  July	  19th	  July	  20th	  July	  21st	  July	  Me
an	  
Ab
sol
ute
	  Di
ffe
ren
ce	  
(hP
a)	  
Date	  
Atmospheric	  Pressure	  -­‐	  Mean	  Absolute	  
Difference	  between	  Vaisala	  &	  High	  Sierra	  
Figure 6.4: Mean Absolute Difference between Vaisala RWIS and High Sierra RWIS
- Atmospheric Pressure
observed on 9 July and a minimum difference of 0.43 deg Fahrenheit seen on 18 July.
It should be noted that other erroneous data was seen from the High Sierra sensors
on 14 July, potentially due to website interface issues. This data was not included in
developing the graph in figure 6.3. This issue will be described more in the next few
subsections.
Atmospheric Pressure: The graph in figure 6.4 gives us the mean absolute dif-
ference in the atmospheric pressure between the Vaisala WXT520 and the High Sierra
WS600. The differences in the readings seem fairly constant on all the days. The
maximum difference of 0.7 hPa was observed on 14 July while a minimum difference
of 0.36 hPa was observed on 9 July.
Dew Point: The graph in figure 6.5 shows the mean absolute difference in the
dew point between the two systems. The difference in the readings seems fairly
constant across all days. A maximum difference of 2.6 deg Fahrenheit was observed
on 20 July while the minimum difference of 1.98 deg Fahrenheit was observed on 19
July.
Humidity: Figure 6.6 shows the mean absolute difference in humidity. The
difference in the readings seems fairly constant on all days. The maximum difference
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Figure 6.6: Mean Absolute Difference between Vaisala RWIS and High Sierra RWIS
- Humidity
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Figure 6.7: Mean Absolute Difference between Vaisala RWIS and High Sierra RWIS
- Surface Temperature
of 7.25% was observed on 14 July while the minimum difference of 5.79% was observed
on 16 July. These differences are somewhat higher than expected, although humidity
readings are less of a concern for winter road condition prediction.
It has been observed that the Vaisala sensors read lower humidity values than
the High Sierra sensors. In general, the maximum humidity value recorded by the
Vaisala sensor is 95% whereas the maximum value recorded by High Sierra sensor
is 100%. The tolerance and error margin vary for the different manufacturers. In
the case of the Vaisala WXT520, the tolerance for humidity values above 90% is 5%
RH (Relative Humidity) and for values below 90%, the tolerance is 3% [39]. For the
High Sierra WS600, the tolerance for humidity values 2% RH [20]. However, even
for values below 90% humidity recorded by the Vaisala sensor, there is a difference of
5-6% when compared with the High Sierra WS600.
Surface Temperature: The graph in figure 6.7 gives us the mean absolute dif-
ference in the surface temperature. The maximum difference of 5.38 deg Fahrenheit
was observed on 17 July while the minimum difference of 1.1 deg Fahrenheit was ob-
served on 19 July. One explanation for the variation in the values could be pavement
shading. Despite the adjacent positioning of the trailers, the target spot for the High
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Table 6.2: Average Mean Absolute Difference for Vaisala and High Sierra RWIS
Data Parameter Mean Absolute Difference between Vaisala and High Sierra
Air Temperature (F) 1.18
Humidity (%) 6.64
Atmospheric Pressure (hPa) 0.47
Dew Point (F) 2.31
Surface Temperature (F) 2.93
Wind Speed (Miles/Hour) 1.11
Sierra IceSight was in a more shaded region when compared to the target spot of the
Vaisala DST111.
Wind Speed: The graph in figure 6.8 shows the mean absolute difference in the
wind speed. A maximum difference of 1.72 miles per hour was observed on 18 July
while the minimum difference of 0.53 miles per hour was observed on 14 July.
The average mean absolute differences of these parameters for the two portable
weather stations are given in table 6.2. The average has been calculated by computing
the mean of the mean absolute differences for all the days shown in the associated
graphs.
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Figure 6.9: Mean Absolute Difference - Air Temperature
6.6.2 Summarized results for atmospheric parameters - air temperature,
atmospheric pressure, dew point and humidity
We now consider the results of the Vaisala and High Sierra sensors in contrast
to readings from the Acurite. There were heavy rains during the evaluation period
providing a spectrum of weather conditions for sensing. The mean absolute differences
between the data values from the Acurite sensor and the Vaisala RWIS and the Acurite
sensor and the High Sierra RWIS were calculated to quantify the data reported by
these systems. These differences were calculated using data taken once per hour over
24 hours. The mean absolute difference for air temperature, atmospheric pressure,
dew point, and humidity are given in following graphs for the time periods between
9 July and 10 July and between 14 July and 21 July.
Air Temperature: The graph in figure 6.9 indicates the mean absolute differ-
ences for the air temperature values reported by the two RWIS systems with respect
to the Acurite sensor. We can see from the graph that these differences are slightly
greater for the High Sierra system (WS600 sensor) as compared to the Vaisala system
(WXT520 sensor) on all days except 9 July 2015. The maximum mean absolute dif-
ference reported by the Vaisala system is 2.89 F on 17 July 2015 and the maximum
reported by High Sierra system is 3.21 F on 21 July 2015. It can be seen from the
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Figure 6.10: Mean Absolute Difference - Humidity
graph that the mean absolute differences for both Vaisala and High Sierra systems
are close to each other. It has been observed that the Acurite weather sensor reports
higher temperatures than the two RWIS systems during 8:00 AM to 2:00 PM daily.
It should be noted that the Acurite system is likely to be less accurate than the other
two systems from an absolute sense since it is cheaper and it is placed in a slightly
different location than the trailers. The similar values for the two RWIS indicate a
positive result for both systems.
Humidity: The graph in figure 6.10 indicates the mean absolute differences for
the humidity values reported by the two RWIS systems with respect to the Acurite
sensor. The maximum mean absolute difference reported by the Vaisala system is
5.88% on 18 July 2015 and the maximum reported by the High Sierra system is 7%
on 14 July 2015. It has been observed that even though the humidity values for the
Vaisala sensor are typically lower than High Sierra sensor readings by about 6% on
average, the values shown here indicate similarity between the trailer-based RWIS in
regards to differences from Acurite readings.
Dew Point: The graph in figure 6.11 indicates the mean absolute differences for
the dew point values reported by the two RWIS systems with respect to the Acurite
sensor. Overall, the mean absolute differences reported by the Vaisala RWIS are
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Figure 6.11: Mean Absolute Difference - Dew Point
	  
Figure 6.12: Mean Absolute Difference - Atmospheric Pressure
slightly higher than the High Sierra RWIS values on all days. The maximum mean
absolute difference reported by the Vaisala system is 2.77 F on 17 July 2015 and
the maximum reported by the High Sierra system is 1.15 F on 16 July 2015. The
difference between values for the two RWIS is small and can be explained by slightly
different sample times for values by the sensors.
Atmospheric Pressure: The graph in figure 6.12 indicates the mean absolute
differences for the atmospheric pressure values reported by the two RWIS systems
with respect to the Acurite sensor. Overall, the mean absolute differences reported
by the Vaisala RWIS are slightly higher than those reported by the High Sierra RWIS
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Table 6.3: Average mean absolute differences for Vaisala and High Sierra RWIS read-
ings with respect to the Acurite weather sensor readings
Data Value Vaisala High Sierra
Air Temperature (F) 2.12 2.40
Humidity (%) 4.42 4.64
Atmospheric Pressure (hPa) 0.95 0.52
Dew Point (F) 2.21 0.79
on all days. The maximum mean absolute difference reported by the Vaisala system
is 1.03 hPa on 15 July 2015 and the maximum reported by the High Sierra system is
0.79 hPa on 9 July 2015.
Summary: The average mean absolute differences of various parameters for the
two portable weather stations are given in table 6.3. The averages have been calcu-
lated by computing the mean of the mean absolute differences for the days shown in
the graphs.
The average values indicate that the air temperature and humidity values for the
two RWIS are very close to each other indicating that the values recorded by the two
systems are comparable. A similar conclusion can also be drawn for the atmospheric
pressure and humidity values. A larger difference between the two trailer-based RWIS
is observed for the dew point values when using the Acurite unit as a reference.
The root mean square differences for the two portable weather stations as com-
pared to the Acurite sensor are given in table 6.4. The root mean square differences
give higher weightage to larger differences. The values indicate that the air temper-
ature and humidity values of the Vaisala RWIS are closer to the Acurite weather
sensor and the atmospheric pressure and dew point values of the High Sierra RWIS
are closer to the Acurite weather sensor, although all values are similar.
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Table 6.4: Root mean square differences for Vaisala and High Sierra RWIS readings
with respect to Acurite weather sensor readings
Date
Vaisala High Sierra
Air Tem-
perature
(F)
Humidity
(%)
Atmospheric
Pressure (hPa)
Dew
Point
(F)
Air Tem-
perature
(F)
Humidity
(%)
Atmospheric
Pressure (hPa)
Dew
Point
(F)
9-Jul-15 2.07 4.87 1.04 2.04 2.05 5.37 0.90 0.96
10-Jul-15 2.96 4.09 1.01 2.62 3.21 6.20 0.66 0.92
14-Jul-15 1.91 3.81 0.96 2.03 2.68 8.77 0.55 0.71
15-Jul-15 2.99 5.14 1.06 2.32 3.22 6.49 0.64 0.75
16-Jul-15 3.11 4.77 1.02 2.86 3.35 5.53 0.62 1.73
17-Jul-15 4.19 6.29 0.96 3.09 4.49 7.42 0.55 0.87
18-Jul-15 1.93 5.80 0.97 2.08 2.06 4.31 0.54 1.05
19-Jul-15 2.30 4.67 1.04 2.15 2.55 5.02 0.60 1.06
20-Jul-15 3.94 5.43 0.9 2.84 4.31 7.8 0.48 1.20
21-Jul-15 3.50 5.11 1.01 2.92 4.13 6.72 0.61 1.01
6.6.3 Detailed results
Scatter plots showing variation in trends for atmospheric and pavement parame-
ters have been presented for comparison in this section. The scatter plots represent
24 hours data values from Vaisala sensors, High Sierra sensors and Acurite weather
sensors through 9 July - 10 July and 14 July - 21 July .
6.6.3.1 Air temperature, atmospheric pressure, precipitation intensity,
dew point and humidity
Scatter plots for air temperature, humidity, dew point, atmospheric pressure and
precipitation intensity for the study period are presented. The overall trends in data
values for various atmospheric parameters appears to be similar and variations in the
readings are small.
9-July-15:
It was sunny throughout the day and cloudy in the evening followed by rains after
7 PM. The scatter plots show the increase in humidity and dew point values and a
decrease in air temperature and atmospheric pressure values after 7 PM, as expected
during rainfall.
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Figure 6.13: Scatter Plot for Air Temperature- 9 July 2015
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Figure 6.14: Scatter Plot for Humidity- 9 July 2015
It can be seen from the graphs in figures 6.13 through 6.17 that data values from
the Acurite, Vaisala and High Sierra sensors follow similar trends in air temperature,
humidity, atmospheric pressure and dew point variation. The precipitation intensity
variation also shows a matching trend between the High Sierra (WS600) and Vaisala
RWIS (WXT520), however, the precipitation intensity for the High Sierra RWIS
spikes to a value of 194 mm/hour at 11.25 PM. This value can be considered an
erroneous reading as this value is too high for the amount of rainfall at that time.
The error could be the result of a misreading of the sensor value or a database/web
display issue.
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Figure 6.15: Scatter Plot for Precipitation Intensity- 9 July 2015
	  
Figure 6.16: Scatter Plot for Atmospheric Pressure- 9 July 2015
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Figure 6.17: Scatter Plot for Dew Point- 9 July 2015
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Figure 6.18: Scatter Plot for Air Temperature- 10 July 2015
10-July-15:
The rainfall from the previous night continued until early in the morning on 10 July
2015. It was mostly sunny throughout the day. The scatter plots show a decrease in
humidity and dew point values and an increase in air temperature and atmospheric
pressure values throughout the day.
It can be seen from the graphs in figures 6.18 through 6.22 that data values from
Acurite, Vaisala and High Sierra sensors follow similar trends in air temperature,
humidity, atmospheric pressure and dew point variation. An air temperature reading
of 212 F from the High Sierra RWIS can be observed in the graph. This can be
ignored as an erroneous reading. The cause for these random errors is not known.
The precipitation intensity variation also shows a matching trend between High Sierra
and Vaisala RWIS, however, the precipitation intensity value for High Sierra rises to
a value of 194 mm/hour at 12.25 AM. This is an erroneous reading.
14 July 15:
There were showers during different intervals of the day resulting in high humidity
and dew point in the evening.
It can be seen from the graphs in figures 6.23 through 6.27 that data values from
Acurite, Vaisala and High Sierra sensors closely follow the same trends in air temper-
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Figure 6.19: Scatter Plot for Humidity- 10 July 2015
	  
Figure 6.20: Scatter Plot for Precipitation Intensity- 10 July 2015
	  
Figure 6.21: Scatter Plot for Atmospheric Pressure- 10 July 2015
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Figure 6.22: Scatter Plot for Dew Point- 10 July 2015
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Figure 6.23: Scatter Plot for Air Temperature- 14 July 2015
ature, humidity, atmospheric pressure and dew point variation. An air temperature
reading of 212 F for High Sierra can be observed in the graph. This can be ignored
as an erroneous reading. The cause for these random errors is not known. The pre-
cipitation intensity variation shows the variations between High Sierra and Vaisala
RWIS to be about the same with small differences over various time intervals.
15 July 15:
It was sunny throughout the day with light rainfall. The scatter plots show the
decrease in humidity and dew point values and the increase in air temperature and
atmospheric pressure values throughout the day. The night was cooler.
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Figure 6.24: Scatter Plot for Humidity- 14 July 2015
	  
Figure 6.25: Scatter Plot for Precipitation Intensity- 14 July 2015
	  
Figure 6.26: Scatter Plot for Atmospheric Pressure- 14 July 2015
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Figure 6.27: Scatter Plot for Dew Point- 14 July 2015
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Figure 6.28: Scatter Plot for Air Temperature- 15 July 2015
It can be seen from the graphs in figures 6.28 through 6.32 that data values from
Acurite, Vaisala and High Sierra sensors follow similar trends in air temperature,
humidity, atmospheric pressure and dew point variation. Air temperature readings of
212 F from the High Sierra RWIS can be observed in the graph. The cause for these
random errors is not known.
16 July 15:
It was sunny throughout the day with no rainfall. The scatter plots show the decrease
in humidity and dew point values and the increase in air temperature and atmospheric
pressure values throughout the day. The evening was relatively cooler but humid.
123
40	  
50	  
60	  
70	  
80	  
90	  
100	  
110	  
12:00:00	  AM	   4:48:00	  AM	   9:36:00	  AM	   2:24:00	  PM	   7:12:00	  PM	   12:00:00	  AM	   4:48:00	  AM	  
Rel
a%v
e	  H
um
idit
y(%
)	  
Time	  
15-­‐July-­‐15	  
Acurite	  
Vaisala	  
Hs	  
Figure 6.29: Scatter Plot for Humidity- 15 July 2015
	  
Figure 6.30: Scatter Plot for Precipitation Intensity- 15 July 2015
	  
Figure 6.31: Scatter Plot for Atmospheric Pressure- 15 July 2015
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Figure 6.32: Scatter Plot for Dew Point- 15 July 2015
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Figure 6.33: Scatter Plot for Air Temperature- 16 July 2015
It can be seen from the graphs in figures 6.33 through 6.37 that the data values
from Acurite, Vaisala and High Sierra sensors closely follow the same trends in air
temperature, humidity, atmospheric pressure and dew point variation.
17 July 15:
It was sunny and pleasant during the day with light to moderate rainfall in the
evening. The scatter plots show the decreasing humidity values and dew point values
through the day which increased slightly in the evening due to rain.
It can be seen from the graphs in figures 6.38 through 6.42 that the data values
from Acurite, Vaisala and High Sierra sensors closely follow the same trends in air
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Figure 6.34: Scatter Plot for Humidity- 16 July 2015
	  
Figure 6.35: Scatter Plot for Precipitation Intensity- 16 July 2015
	  
Figure 6.36: Scatter Plot for Atmospheric Pressure- 16 July 2015
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Figure 6.37: Scatter Plot for Dew Point- 16 July 2015
Figure 6.38: Scatter Plot for Air Temperature- 17 July 2015
temperature, humidity, atmospheric pressure and dew point variation. The High
Sierra precipitation intensity values are higher than corresponding Vaisala values. It
is possible that the units for the High Sierra readings are incorrect or the sample
times do not align exactly.
18 July 15:
There was light to moderate rainfall at different intervals during the day. The scatter
plots show the variation in humidity through the day and increase in dew point due
to rainfall.
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Figure 6.39: Scatter Plot for Humidity- 17 July 2015
	  
Figure 6.40: Scatter Plot for Precipitation Intensity- 17 July 2015
	  
Figure 6.41: Scatter Plot for Atmospheric Pressure- 17 July 2015
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Figure 6.42: Scatter Plot for Dew Point- 17 July 2015
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Figure 6.43: Scatter Plot for Air Temperature- 18 July 2015
It can be seen from the graphs in figures 6.43 through 6.47 that data values from
Acurite, Vaisala and High Sierra sensors closely follow the same trends in air tem-
perature, humidity, atmospheric pressure and dew point variation. The precipitation
intensity of the High Sierra and Vaisala RWIS do not seem to follow the same trend
even though the trailers are located next to each other. This result could be a sample
time, units, or web site software issue regarding the High Sierra data.
19 July 15:
It was sunny throughout the day with showers in the evening. The scatter plots show
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Figure 6.44: Scatter Plot for Humidity- 18 July 2015
	  
Figure 6.45: Scatter Plot for Precipitation Intensity- 18 July 2015
	  
Figure 6.46: Scatter Plot for Atmospheric Pressure- 18 July 2015
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Figure 6.47: Scatter Plot for Dew Point- 18 July 2015
the variation in humidity throughout the day and an increase in dew point due to
rains.
It can be seen from the graphs in figures 6.48 through 6.52 that data values
from Acurite, Vaisala and High Sierra sensors closely follow the same trends in air
temperature, humidity, and atmospheric pressure. Dew point values also follow the
same trends for all three sensors; however, the dew point values for the Vaisala RWIS
are slightly lower than the High Sierra RWIS values. The precipitation intensity of
the High Sierra and Vaisala RWIS show different data values as it could be that
the values were reported at different time instances and the High Sierra RWIS has a
reporting interval of 15-25 minutes compared to the 5 minutes reporting interval of
the Vaisala RWIS. Random error in air temperature readings from the High Sierra
RWIS can be observed. The cause for these errors is not known.
20 July 15:
It was hot and sunny throughout the day. The scatter plots show the increase in air
temperature values through the day.
It can be seen from the graphs in figures 6.53 through 6.57 that data values
from Acurite, Vaisala and High Sierra sensors closely follow the same trends in air
temperature, humidity, atmospheric pressure and dew point variation.
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Figure 6.48: Scatter Plot for Air Temperature- 19 July 2015
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Figure 6.49: Scatter Plot for Humidity- 19 July 2015
	  
Figure 6.50: Scatter Plot for Precipitation Intensity- 19 July 2015
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Figure 6.51: Scatter Plot for Atmospheric Pressure- 19 July 2015
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Figure 6.52: Scatter Plot for Dew Point- 19 July 2015
65	  
70	  
75	  
80	  
85	  
90	  
95	  
100	  
12:00:00	  AM	   4:48:00	  AM	   9:36:00	  AM	   2:24:00	  PM	   7:12:00	  PM	   12:00:00	  AM	   4:48:00	  AM	  
Air
	  Te
mp
era
tur
e	  (
F)	  
Time	  
20-­‐July-­‐15	  
Acurite	  
Vaisala	  
Hs	  
Figure 6.53: Scatter Plot for Air Temperature- 20 July 2015
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Figure 6.54: Scatter Plot for Humidity- 20 July 2015
	  
Figure 6.55: Scatter Plot for Precipitation Intensity- 20 July 2015
	  
Figure 6.56: Scatter Plot for Atmospheric Pressure- 20 July 2015
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Figure 6.57: Scatter Plot for Dew Point- 20 July 2015
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Figure 6.58: Scatter Plot for Air Temperature- 21 July 2015
21 July 15:
It was hot and sunny throughout the day with no rainfall. The scatter plots show
the increase in air temperature values through the day.
It can be seen from the graphs in figures 6.58 through 6.62 that data values
from Acurite, Vaisala and High Sierra sensors closely follow the same trends in air
temperature, humidity, atmospheric pressure and dew point variation.
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Figure 6.59: Scatter Plot for Humidity- 21 July 2015
	  
Figure 6.60: Scatter Plot for Precipitation Intensity- 21 July 2015
	  
Figure 6.61: Scatter Plot for Atmospheric Pressure- 21 July 2015
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Figure 6.62: Scatter Plot for Dew Point- 21 July 2015
	  
Figure 6.63: Scatter Plot for Wind Speed- 10 July 2015
6.6.3.2 Wind Speed
In general, the overall trend in average wind speed throughout each measured day
is similar for all three sensors. However, there are some differences in wind speed
values recorded by the Vaisala and High Sierra RWIS even though the two trailers
were parked next to each other under similar environmental conditions. The average
wind speed values from the Acurite sensor are generally higher than measured Vaisala
and High Sierra values since the Acurite unit is installed in an open area with no trees
nearby. Figures 6.63 through 6.71 show scatter plots for wind speed for the duration
of the study period.
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Figure 6.64: Scatter Plot for Wind Speed- 14 July 2015
	  
Figure 6.65: Scatter Plot for Wind Speed- 15 July 2015
	  
Figure 6.66: Scatter Plot for Wind Speed- 16 July 2015
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Figure 6.67: Scatter Plot for Wind Speed- 17 July 2015
	  
Figure 6.68: Scatter Plot for Wind Speed- 18 July 2015
	  
Figure 6.69: Scatter Plot for Wind Speed- 19 July 2015
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Figure 6.70: Scatter Plot for Wind Speed- 20 July 2015
	  
Figure 6.71: Scatter Plot for Wind Speed- 21 July 2015
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Figure 6.72: Scatter Plot for surface temperature- 9 July 2015
6.6.3.3 Surface Temperature
Surface temperature is affected by the presence of rain, clouds, standing water
on the pavement, direct sunlight on the pavement the sensor’s target area, gravel
and other objects within the pavement sensor’s target area. The target area for the
IceSight was closer to a shelter (about 5 feet away) than the target area for the Vaisala
pavement sensors and hence, the IceSight target area took slightly longer to dry off
completely after rain.
In general, the overall trend in surface temperature variation is the same for both
Vaisala (DST111) and High Sierra (IceSight) pavement sensors with slight variations
at times. Figures 6.72 through 6.81 show the scatter plots for surface temperature
for the duration of the study period.
6.6.3.4 Surface Friction
In general, there is no accepted industry standard for surface friction measurement,
although measured values tend to range between 0.0 and 1.0. The scales used by
Vaisala and High Sierra seem to vary somewhat widely with High Sierra showing a
more significant change in friction values in response to rain water on the pavement
surface. The best case value for friction for the IceSight is 0.8 on a scale of 0.0 to 1.0.
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Figure 6.73: Scatter Plot for surface temperature- 10 July 2015
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Figure 6.74: Scatter Plot for surface temperature- 14 July 2015
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Figure 6.75: Scatter Plot for surface temperature- 15 July 2015
142
55	  
65	  
75	  
85	  
95	  
105	  
115	  
125	  
135	  
145	  
12:00	  AM	   4:48	  AM	   9:36	  AM	   2:24	  PM	   7:12	  PM	   12:00	  AM	   4:48	  AM	  
Sur
fac
e	  T
em
per
tau
re(F
)	  
Time	  
16-­‐July-­‐15	  
Vaisala	  
Hs	  
Figure 6.76: Scatter Plot for surface temperature- 16 July 2015
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Figure 6.77: Scatter Plot for surface temperature- 17 July 2015
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Figure 6.78: Scatter Plot for surface temperature- 18 July 2015
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Figure 6.79: Scatter Plot for surface temperature- 19 July 2015
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Figure 6.80: Scatter Plot for surface temperature- 20 July 2015
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Figure 6.81: Scatter Plot for surface temperature- 21 July 2015
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Figure 6.82: Scatter Plot for Surface Friction- 9 July 2015
The best value for friction for the Vaisala DSC111 is 0.82 on a scale of 0.0 to 1.0. Both
values indicate dry pavement conditions. The resolution of the surface friction scale
is much higher for Vaisala’s pavement sensors than High Sierra’s pavement sensor.
Figure 6.83 shows a table indicating variations in friction values and corresponding
rain state and surface state values on 9 July 2015. A graph showing variation in
friction values for 9 July 2015 is shown in figure 6.82.
The rain state can be categorized as follows:
• Light or Slight - < 2mm/h water equivalent
• Medium or Moderate - ≥ 2 and < 8 mm/h water equivalent
• Heavy - ≥ 8 mm/h water equivalent
There was light to heavy rainfall from 7 PM throughout the evening on 9 July
2015. The Vaisala DSC111 shows more limited friction changes in comparison with
the larger changes recorded by the High Sierra IceSight during rainy conditions. The
Vaisala DSC111 recorded a change in friction value after 8.45 PM. The friction value
dropped slightly at this time after the pavement surface became lightly moist but not
wet enough to cause a big drop in friction readings. The rain intensity was “light”
during this period. The rain intensity increased at around 9.30 PM and the rain
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Date Time Friction Surface0state Rain%state Rain0intensity Time Friction Surface0state Rain%state Rain0intensity7/9/15 6:40:00*PM 0.82 dry on light 6:40:03*PM 0.7 dry
7/9/15 7:10:00*PM 0.82 dry on none 7:10:06*PM 0.6
7/9/15 7:50:00*PM 0.82 dry on light 7:45:03*PM 0.5
7/9/15 8:00:00*PM 0.82 dry on light 8:00:04*PM 0.5
7/9/15 8:20:00*PM 0.82 dry off none 8:15:04*PM 0.7
7/9/15 8:50:00*PM 0.81 moist off none 8:55:03*PM 0.1 standing*water7/9/15 9:10:00*PM 0.81 moist off none 9:10:03*PM 0.1 standing*water on
7/9/15 10:55:00*PM 0.63 wet on medium 10:55:02*PM 0.1
7/9/15 11:10:00*PM 0.61 wet on heavy 11:10:04*PM 0.3 on
7/9/15 11:30:00*PM 0.57 wet on heavy 11:30:04*PM 0.3
7/9/15 11:50:00*PM 0.58 wet on medium 11:55:01*PM 0.2
Vaisala High3Sierra
11:40:04*PM 0.4 standing*water on rainHeavy 
No 
Precipitat
ion 
7/9/15 11:40:00*PM 0.56 wet on heavy
heavy 11:25:02*PM 0.4 standing*water on rainHeavy 
11:00:06*PM standing*water on rainHeavy 
7/9/15 11:25:00*PM 0.58 wet on
7/9/15 11:00:00*PM 0.61 wet on heavy
light 10:40:04*PM 0.1 standing*water on rainModerate 
10:15:07*PM 0.1 standing*water on rainSlight 7/9/15 10:40:00*PM 0.65 wet on
7/9/15 10:15:00*PM 0.57 wet on medium
heavy 10:00:03*PM 0.1 standing*water on rainModerate 
9:45:03*PM 0.1 standing*water on rainSlight 7/9/15 10:00:00*PM 0.57 wet on
7/9/15 9:45:00*PM 0.76 wet on light
light 9:25:10*PM 0.1 standing*water on rainSlight 
8:45:06*PM wet off
7/9/15 9:25:00*PM 0.78 moist on
7/9/15 8:45:00*PM 0.81 moist on light
light 8:40:05*PM 0.5 rainSlight 
8:30:04*PM wet off
7/9/15 8:40:00*PM 0.82 dry on
7/9/15 8:30:00*PM 0.82 dry off none
none 8:25:01*PM 0.5 rainSlight 
none 8:10:05*PM 0.6 trace*moisture off
7/9/15 8:25:00*PM 0.82 dry off
7:55:02*PM wet off rainSlight 
7/9/15 8:10:00*PM 0.82 dry on
7/9/15 7:55:00*PM 0.82 dry on light
light 7:40:02*PM 0.7 dry on rainSlight 
7:25:01*PM 0.8 rainSlight 
7/9/15 7:40:00*PM 0.82 dry on
7/9/15 7:30:00*PM 0.82 dry on light
light 7:15:04*PM 0.7 dry off rainSlight 
7:00:04*PM 0.7 dry off rainSlight 
7/9/15 7:20:00*PM 0.82 dry on
7/9/15 7:00:00*PM 0.82 dry on none
Figure 6.83: Surface states, precipitation states and corresponding friction values
after 6 PM on 7/9/15
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status indicated by the Vaisala DRD11A precipitation sensor was “medium” with a
change in surface state to “wet” from “moist”. The friction values drop rapidly after
9.30 PM due to increased rain intensity at this time. The minimum friction value
reported by the Vaisala pavement sensor during this period is 0.56.
During the same period, the High Sierra IceSight reported friction values as low
as 0.1. The rain intensity indicated by the High Sierra precipitation sensor (WS600)
is “slight” to “moderate” between 5.45 PM to 11:00 PM and it changed to “heavy”
after that. The surface friction dropped rapidly from 0.5 to 0.1 after 8.45 PM and
the surface state changed to “standing water”. It can be concluded that the two
sensors have a highly varied response in terms of friction. Taking into consideration
the precipitation situation, the IceSight changes the friction values with the slightest
amount of moisture on the pavement. This shows a quick response from IceSight
with respect to the slightest change in weather and pavement conditions. During
snow conditions, it may be difficult to differentiate if the friction change is due to
standing water or ice/snow if the surface temperature, air temperature and surface
state are not monitored. The IceSight does have a black ice indicator which is helpful
to indicate the presence of snow/ice on the pavement.
It can also be observed from figure 6.83 that at a given timestamp the rain de-
tection response for the two precipitation sensors differs, especially during light rain.
These variations in surface state and the rain state have been highlighted in red in
the table. It takes relatively longer for the friction values to return to the dry range
(0.7 to 0.8) for the IceSight.
The graphs showing variation in friction values from 10 July 2015 to 21 July 2015
are presented in figures 6.84 through 6.92. 16 July 2015 and 21 July 2015 were days
without rainfall and thus, the friction remains at its best value.
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  Figure 6.84: Scatter Plot for Friction - 10 July 2015
	  
Figure 6.85: Scatter Plot for Friction - 14 July 2015
	  
Figure 6.86: Scatter Plot for Friction - 15 July 2015
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Figure 6.87: Scatter Plot for Friction - 16 July 2015
	  
Figure 6.88: Scatter Plot for Friction - 17 July 2015
	  
Figure 6.89: Scatter Plot for Friction - 18 July 2015
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Figure 6.90: Scatter Plot for Friction - 19 July 2015
	  
Figure 6.91: Scatter Plot for Friction - 20 July 2015
	  
Figure 6.92: Scatter Plot for Friction - 21 July 2015
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Figure 6.93: Ice test performed with ice spread at the target detection spots for the
corresponding weather stations. The High Sierra system is on the left and the Vaisala
system is on the right
6.6.4 Ice Experiment with Vaisala and High Sierra Sensors
On 25 June 2015, experiments with ice were performed at the MassDOT District
2 office using both mobile RWIS. The experiments were conducted to show the per-
formance of both systems in detecting icy surfaces. Approximately 15 pounds of ice
was spread on the ground for each experiment to observe changes in pavement sensor
readings. Figure 6.93 shows the experiment setup.
Since optimum icy conditions cannot be generated on a 80 degree F day, the
readings obtained were not exact but they clearly indicate the change in the surface
status from dry to wet (in the case of High Sierra) and to slush (in the case of Vaisala).
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Table 6.5: Changes in surface friction and surface state recorded by IceSight during
the experiments with ice
Date Time Surface Friction Surface State
6/25/15 11:45:06 AM 0.5 wet
6/25/15 12:10:00 PM 0.6 trace moisture
6/25/15 12:25:01 PM dry
6/25/15 12:40:01 PM 0.8 dry
6/25/15 12:55:01 PM 0.8 dry
6/25/15 1:10:01 PM 0.4 other
6/25/15 1:25:02 PM 0.1 other
6/25/15 1:45:05 PM 0.4 other
6/25/15 1:55:00 PM 0.5 wet
6/25/15 2:10:01 PM 0.5 wet
6/25/15 2:25:01 PM 0.5 wet
6/25/15 2:40:01 PM 0.7 dry
6/25/15 2:55:02 PM 0.7 dry
6/25/15 3:15:03 PM dry
6/25/15 3:30:06 PM 0.8 dry
The target areas for both systems were not covered completely with a layer of ice,
which is required for precise ice detection.
High Sierra Results: From Figure 6.94, we can see that the High Sierra pave-
ment sensor (IceSight) recorded values close to ICY conditions. In figure 6.94, the
purple region indicates a Wet state (WET 3), the light blue region indicates an Ice
state (ICE 1), the pink region indicates a Snow state (SNOW 1), the blue region
indicate a Wet state (WET 2) and the green region indicates a Dry state. The black
spots in the figure indicate a change from a green region to a blue region to a pink
region at the bottom, indicating the change of state from dry to wet to snow. Read-
ings were obtained and the surface friction/grip was reduced to 0.2. Table 6.5 shows
the changes in surface friction and surface state recorded by the IceSight during the
experiment. Some of the data values are missing in the table since these readings were
not reported on the High Sierra website at that time. The ICE/SNOW state did not
appear in the polled data since the transition in state was for a very short duration.
The 15-25 minute polling interval of the RPU may be a limitation in reporting the
surface status in the field in some cases.
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Figure 6.94: High Sierra Java Applet Observations
Vaisala Results: For the Vaisala DSC111 and DST111 systems, a screen shot of
the report generated by the sensors is shown in figure 6.95.
We can see that the surface state changed from dry to wet to slushy in about 15
minutes from the time the ICE was spread on the target spot. We can also clearly see
a drop in surface grip. From the results we can see that the Vaisala sensors reported
slush during the tests.
6.7 Field deployment of portable weather stations
Both the portable weather stations have been up and running since their activation
in June 2015 at the MassDOT District 2 office in Northampton, MA. There have
not been any major issues related to the hardware, electrical setup or the sensors
so far. Data collected by the RWIS systems are reported on vendor websites. For
further evaluation, the portable weather stations have now been moved to field sites
on local Massachusetts highways. The High Sierra mobile RWIS has been deployed
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Figure 6.95: Screen shot of pavement data showing change in states during experiment
with ice
in Plymouth, MA at the Route 3 NB exit 7 ramp to Route 44 West. The Vaisala
trailer has been deployed in Templeton, MA on Route 2 EB near mile marker 83.1.
6.8 Conclusion
This chapter the methodology and results from the evaluation of data reported
by the two portable weather stations that have been developed by UMass for use by
MassDOT. The two systems consist of RWIS equipment from two different companies,
Vaisala and High Sierra. To determine the accuracy of the data reported by the
two systems, a field study was conducted using data from the two portable weather
stations parked next to each other at the MassDOT District 2 office, Northampton,
MA over a period of about 2 weeks. A third, low-cost Acurite weather data collection
unit was mounted about 160 feet from the two portable weather stations to provide a
contrast to collected weather information from the trailers. Weather conditions and
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pavement conditions during the study period (June-July) were observed and the data
collected by the portable sensors was monitored.
From the data analyzed between 9 July 2015 through 21 July 2015, it can be
concluded that the difference in atmospheric data values collected by the two mobile
weather stations is relatively small except for humidity and precipitation values. The
average mean absolute difference between Vaisala RWIS and High Sierra RWIS read-
ings was calculated as 1.18 F for air temperature, 6.64% for humidity, 0.47 hPa for
atmospheric pressure, 2.31 F for dew point, 1.11 miles/hour for wind speed and 2.93
F for surface temperature. Scatter plots have been presented for detailed analysis. In
general, the overall trend followed by the three systems is similar. The High Sierra
RWIS reported some erroneous air temperature and precipitation rate values on sev-
eral, relatively infrequent occasions. The errors were random and the reason for their
appearance is not known.
Even though the overall trend in precipitation intensity seems similar for the High
Sierra and Vaisala RWIS, the precipitation sensor for High Sierra RWIS (WS600) re-
ported high precipitation values at times and the reason for these high values is not
known. This issue may be the result of differences in units or website data presen-
tation. The precipitation detection values for the two systems also have variations,
especially for a light rain state.
The pavement sensor data consists of surface friction, pavement state and pave-
ment temperature. The pavement temperature values for the two portable weather
stations are close to each other. However, there is a significant difference in numerical
surface friction values reported by the systems due to the different friction scales used
by the two companies. The surface friction values reported by IceSight (from High
Sierra) dropped to 0.1 for heavy rain conditions over several hours and then changed
to 0.5 during a period of light to moderate rain. The IceSight appears to change
friction values with the slightest amount of moisture on the pavement. For heavy
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rain conditions over several hours, the surface friction values reported by the DSC111
from Vaisala dropped to 0.56 from 0.82 and remained the same during a period of
light to moderate rain on the same day.
Experiments with crushed ice were conducted to simulate artificial snow conditions
around the detection area of the IceSight and DSC111. Since the environmental
conditions were not ideal for snow conditions, the two portable systems did not report
ice or snow pavement states on their websites. However, an “ice” state was indicated
by the Vaisala pavement sensors when accessed locally via an Ethernet connection to
the ROSA RPU. The High Sierra pavement sensor also reported an “ice” state for a
moment on the IceSight calibration software interface. Both sensors reported changes
in pavement states and a drop in friction values. The DSC111 reported a change in
pavement state from dry to wet to slushy with friction values dropping to as low as
0.66. The IceSight reported the change in pavement state. The state transitioned
from dry to wet to snow and back to wet with friction values dropping to as low as
0.1.
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CHAPTER 7
CONCLUSION
The objective of this project has been to build and evaluate portable RWIS that
can be deployed in Massachusetts to assist the Massachusetts Department of Trans-
portation (MassDOT) during winter operations. Compared to permanent weather
stations, portable RWIS are low cost systems that are transported from roadside-to-
roadside. These trailer-based weather stations consist of RWIS equipment designed
to capture and analyze weather data. Two such portable weather stations have been
constructed and delivered to MassDOT for use in the field. Non-invasive pavement
sensors are of interest as these units can be mounted on trailers to capture pavement
data which is required for road and de-icing operations during winter. Vaisala and
High Sierra were the two RWIS technology manufacturers selected for this project.
The data captured by the RWIS sensors is reported on websites maintained by the
manufacturers.
Extensive details of the equipment, their installation, and use are discussed in
Chapters 3, 4 and 5. The atmospheric and pavement sensors for both RWIS have
similar mounting requirements and are relatively straightforward to install. The High
Sierra RWIS consists of a single pavement sensor (IceSight) and the Vaisala RWIS
consists of two separate pavement sensors (DSC111 and DST111) for surface state
and surface temperature measurements, respectively. The Vaisala system includes a
DRD11A precipitation sensor to measure precipitation amount and rate. The High
Sierra system has a chassis type RPU which is easy to install and connect to system
sensors. The Vaisala pavement sensors have a self calibrating feature which automat-
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ically senses pavement surface changes. This feature reduces the maintenance efforts
of field personnel. The pavement sensors include a remote calibration feature. The
High Sierra pavement sensor has a Java-based graphical interface for calibration. The
sensor must be recalibrated for road surface changes.
Since the RWIS equipment operates using rechargeable batteries and solar panels,
it is critical to ensure a correct electrical setup as over-voltage or under-voltage may
damage the sensors. The electrical setup consists of a solar controller and DC-DC
voltage regulators to regulate the battery voltage at the load (RWIS equipment). The
portable weather stations have been designed to operate continuously for 72 hours in
the absence of sunlight. During summer conditions, both portable weather stations
exhibit battery voltages between 25-28 V. A DC-DC regulator provides 24 VDC at its
output. The load amperes have been observed to be 0.7 A with all devices turned on
and around 0.4 A without pavement sensors. On typical sunny days, the solar amps
have been noted to be as high as 5A. A further evaluation of power consumption will
be required during the winter months when the sunlight is limited to approximately
5 hours a day.
Both portable weather stations have collected data without many hardware issues
since they were powered on. To determine the accuracy of the data reported by the
two systems, a field study was conducted using data from the systems over a period of
about 2 weeks. The overall atmospheric data reported by the two systems is similar
in terms of trends. The precipitation intensity and air temperature values reported
by the High Sierra system have occasionally been erroneous at random times. There
also are significant differences in precipitation intensity measurement, humidity and
and surface friction measurement between the two systems. The website interfaces
from both companies are relatively easy to use. The Vaisala system has a 5 minute re-
porting interval compared to the 15 minute interval for High Sierra. Some parameters
from High Sierra are updated at varied times of up to 30 minutes.
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Both portable RWIS have been moved to field sites on local Massachusetts high-
ways. The High Sierra mobile RWIS has been deployed to Plymouth, MA at the
Route 3 NB exit 7 ramp to Route 44 West. The Vaisala trailer has been deployed to
Templeton, MA on Route 2 EB near mile marker 83.1.
In the future, we plan to select RWIS technology from one of the manufacturers
and build three to five more portable RWIS for deployment at other highway sites in
Massachusetts. This work will involve the evaluation of the portable RWIS in terms
of power, maintenance and accuracy of data during winter months.
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